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All this time, it has been an elusive search in determining how to go beyond Gross 
Domestic Product (GDP) in achieving a true indicator of sustainable development and social 
well-being. Although GDP is seen as a fair measure of economic activity, however GDP 
ignores social costs, environmental impacts, and income inequality. Recently, economists 
suggest that to measure real economic growth and social well-being, GDP needs to be replaced. 
It needs indicators that enhance a fundamentally sustainable development i.e. development that 
boosts quality of life while living within the supporting ecosystems’ capacity. Compared to 
other possibilities, Inclusive Wealth (IW) has several significant advantages as sustainable 
development measure. The IW explores a country’s well-being through sustainability lens, 
measuring the social value instead of its currency value, of all its wealth, including its natural 
resources, human and produced capital. 
Elaborating more on the IW concept for local and global scope, this thesis is divided 
into five chapters. Chapter 1 entails the background and objectives of the study. Sustainability, 
IW and focusing on health stock are explained in Chapter 2. Chapter 3 depicts the health stock 
results from 140 countries from 1990 to 2015, forecasting trends from 2016 to 2100 and 
discussion on the implications for achieving sustainable society from the heterogeneous health 
stock condition. Extending the framework of health stock, Chapter 4 presents global and 
comparison between countries inequalities in length of health stock for 140 countries from 
1990 to 2015 and investigate the relationship between countries inequalities of health stock and 
national wealth. National wealth in this study includes GDP, IW and also firms’ net income. 
Last but not least, Chapter 5 draws the conclusion and suggestions to extend this research. 
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Low-income countries (LICs) have much larger and more rapidly growing health stocks 
based on health stocks from 1990 to 2015. In the long run, in 2100 (forecast year), upper-
middle income countries (UMICs), specifically countries in the Middle East and North Africa 
(MENA), are showing great growth that benefits from the working-age populations. 
Immigration has determined as one of the factor contributing to health stock growth together 
with fertility rate, ageing population, working-age and youth populations. 
In terms of health stock inequality and its relation to national wealth, the projected 
global health Gini coefficient shows that the health stock declined globally. The Gini 
coefficient for LICs showed the deepest drop in health stock, falling in 25 years from 0.69 to 
0.66. Based on the analysis, rapid population growth and an increase in the youth share of the 
working-age population in LICs were the contributing factors of the inequality decline. Many 
countries with positive growth in health stock also showed a strong positive relationship with 
GDP and IW. However, several countries, still exhibited a negative relationship with natural 
capital, a part of the IW. 
 These findings enhanced the understanding that health stock is an important component 
of global sustainable development that should be regularly included in the assessments of other 
assets as a stock-based sustainability index to calculate national wealth and sustainability 
accurately. For instance, the negative relationship between health stock and natural capital is a 
sign of unstable development because sustainable development requires not only the 
preservation of GDP but also IW, as it is a collective set of assets consists of human, natural 
and produced capital. This thesis concludes that health stock is also an important component 
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1.1 Sustainability Measure 
 In an effort to achieve the SDGs, the 2030 Agenda for Sustainable Development was 
adopted by the United Nations (UN) General Assembly effective September 2015. These 
important goals range from responsible consumption and production, enhance well-being, 
provide quality education and health services to global asset protection, and including the 
stability of the oceans and climates. Once the government runs a program, there is a need to 
provide tools for continuous assessment and monitoring as a benchmark for its sustainability 
with the goals set (Dasgupta et al. 2015). Adherence to the requirements of preservation and 
maintain for the welfare guarantee can only be achieved through sustainable development, 
although it is undeniably a complicated thing to do. 
 According to Neumayer (2013), when it comes to the concept of sustainable 
development, there is a tendency for individuals to give different definitions based on the 
perspective and scope of their environment. He proposed an explanation for sustainable 
development economics by writing in his report, "development is sustainable if it does not 
reduce the capacity to provide non-declining per capita utility for infinity", and considers it a 
universal definition. In this case, the ability to meet the conditions of retention refers to 
"capacity"; capacity should not be translated directly as it will not convey a precise meaning in 
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this context. In order to provide and maintain a stable and booming future utility, it requires a 
sufficient amount of capital; as a result, the government of a country needs a certain amount of 
capital, which generally refers to stock or wealth. Among other scholars who has contributed 
to the body of knowledge was Arrow et al. (2013) who argued that sustainable development 
involves two alternative perspectives, specifically, the present generation and intergenerational 
well-being. This statement was in agreement with Mumford (2016) who stated that the well-
being of today, tomorrow, and the next generation was represented and closely linked by the 
well-being of the intergenerational. 
 Scholars have given various definitions of the term "sustainable development", 
however, the World Commission on Environment and Development (WCED) provides a 
widely accepted definition of the world in a report published in 1987 entitled 'Our Common 
Future'. This report states that it is a noble and good idea to integrate a vision of achieving 
sustainable economic growth through business and high environmental quality (Liyanage, 
2017). The report also defines sustainable development as a strategy “that meets the needs of 
the present generations without compromising the ability of future generations to meet their 
own needs”. Based on this definition, it can be concluded that a generation should only 
maximise profits in the best way without harming future generations; the generation transition 
will occur, and they are also expected to do the same for the next generation. 
 From the perspective of economists, they point out that through the use of GDP 
exclusively as indicators or measures of national sustainable development, the scope of 
measurement will be limited. It is undeniable that GDP is a good measure when it comes to 
economic activity, but everyone should be aware of the fact that GDP does not take into account 
social cost factors, in addition to environmental impact, and income inequality when assessing 
the economy (Costanza et al., 2014). However, all of these factors are embedded in sustainable 
development that clearly does not deny the involvement of the entire community, economy, 
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organisation, and individuals. Refining this alone is enough to give the connotation that the 
concept of sustainability is different from the optimal idea. Sustainability can be achieved 
through the creation and retention of wealth. Dasgupta et al. (2015a) in their study confirmed 
that the country's GDP did not contribute to the role of natural capital in production. Another 
opinion by Oleson (2011) was that GDP should be replaced by a more comprehensive tool or 
as a benchmark for studies of economic growth and well-being. Instead of using GDP, 
measuring instruments and indicators that replace it will produce more satisfactory, 
comprehensive results. Inclusive indicators will positively promote sustainable development 
because through them the quality of human life during life will be enhanced in the capacity of 
ecosystems that support development (Costanza et al., 2014). 
 In 1990, the United Nations first introduced the Human Development Index (HDI); 
through it, the quality of life can be measured more effectively. The initiative is aimed at raising 
concerns about the fading of GDP and the outlook for well-being beyond economic growth and 
income. HDI considers three key areas that significantly impact the quality of life. They are; 
first, the national health and quality of medical services. The second one is the quality of the 
education system, while the third is the current economic status. HDI is translated through the 
gross national income (GNI) per capita beginning in 2010 (Balcerzak & Pietrzak, 2017).  
Unfortunately, HDI has failed to become a comprehensive measure for studying sustainability, 
but it requires several other mechanisms to be used together. If they are well integrated, Sagar 
& Najam (1998) posited that the natural resources of accounting would be diminished due to 
their increasing ability to capture the sustainability dimension of human development. Indeed, 
sustainable development of a country cannot be financially based on GDP or HDI alone 
(Dasgupta, 2010).  
 Not long ago, recognising the need for more comprehensive and practical indicators, 
the agenda was streamlined by international organisations that allowed sustainability and well-
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being measured by giving the environment more emphasis. Accordingly, the System of 
Environmental-Economic Accounts (SEEA) was developed by the UN since 1993. It 
strengthens the scope of the conventional System of National Accounts (SNA) system when 
the economic impact of environmental inputs such as natural resources and waste are included 
(Managi, 2015). The World Bank subsequently introduced the Adjusted Net Saving (ANS) 
measure later in 1998; through this approach, the World Bank invests in health, education, and 
the environment. The World Bank introduced Wealth Accounting and the Valuation of 
Ecosystem Services (WAVES) in 2012. A year later, the Green Growth indicator was added 
by the Organization for Economic Cooperation and Development (OECD), followed by the 
Inclusive Wealth Index (IWI) that introduced by United Nations Environment Program 
(UNEP) in 2012 and 2014. 
 Natural Capital is undoubted of importance when several economic reports speak of it. 
The involvement of natural capital in national income accounting enables wealth to be defined 
more comprehensively and broadly. In other words, all types of capital should be preserved for 
the sustainability of the economy and the country. This is acknowledged through actions taken 
on the basis of reports in 2012 and 2014 by the Stiglitz Commission (Stiglitz et al., 2009), the 
World Bank (World Bank, 2006) and the Inclusive Wealth Report by the United Nations 
University's International Human Dimension Program on Global Environmental Change 
(UNU-IHDP) and the UN Environment Program (UNEP). Through the measurement or 
indication of new sustainable development, other components of wealth among others are 
generated, human capital and natural capital are facelifted, and they are allowed more 
interactions to occur between them over time. 
 Wealth has historically been characterised as an inventory of capital produced such as 
buildings, machinery, as well as equipment, and infrastructure. According to the World Bank 
(2006) there is a strong relationship between wealth change and sustainable development in 
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economic theory. For example, if the nation’s wealth has been declining or deteriorating, it is 
not assumed that the country will develop a sustainable path. Nevertheless, in the 
reports by World Bank titled ‘Where is the Wealth of Nations in 2006’, ‘The Changing Wealth 
of  Nations in 2011’and Inclusive Wealth Report in 2012, it can be concluded that interventions 
have expanded the definition of wealth through the incorporation of other specific assets into 
a wealth system. Such studies highlighted the importance of including natural capital in 
national income accounting as well as focusing on the theoretical foundation's economic 
welfare model. The calculation of prosperity and well-being is based on wealth shifts rather 












Figure 1.1 Inclusive Wealth Index and Sustainable Development Goals (SDGs) 
Source: Urban Institute EvaCva-sustainable, Kyushu University, edited by the author. 
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 In recognition about the need for sustainability calculation, the UNU-IHDP and UNEP 
(2014) used the concept of IW, which is the social value (not the dollar price) for all productive 
assets, and calculated well-being determinants. Sustainability can, therefore, be characterised 
as the positive change in human well-being, expressed by non-decreasing equitable wealth, 
referring to human capital, generated capital, and natural resources (see Figure 1.1). This 
approach provides a logically consistent wealth assessment as a key to measuring sustainability 
(Kurniawan and Managi, 2017).   
 
1.2 Wealth, Well-being and Sustainability 
 Wealth commonly refers to the measure of the value of all assets or capital owned by 
an individual, community, company or nation. Earlier, Arrow et al. (2003) conducted research 
that proposed the IW framework. The theoretical framework of IW uses a social welfare theory 
to address multiple issues related to sustainable development. According to Arrow et al. (2003), 
an economy’s wealth is the worth of its capital assets; the list of assets include not only 
produced capital but also human capital (health, knowledge, and skills) and natural capital.  
This framework emphasizes the importance of maintaining a particular asset-based, in 
addition to total capital asset or wealth. The researchers considered this framework as 
representing the nation’s productive-base to make a tangible measurement of a nation or 
government’s sustainable development. This framework provides information to policy makers 
about the perfect forms of capital investment should be directed toward sustaining an 
economy’s productive-base. 
This framework highlights several important issues. First, it emphasizes the importance 
of environmental and natural ecosystem concerning in wealth accounting. Therefore, the 
country must make an effort to maintain non-declining welfare over time by taking into account 
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the natural capital in measuring a capital stock or wealth. Second, it indicates that population 
growth also has an impact on sustainability. Finally, it highlights both global responsibility and 
the effect that other nations have on the achievement of sustainable development worldwide. 
Sustainability can be determined by non-declining IW, including human capital, 
produced capital, natural capital and all other types of capital which are sources of human well-
being. This connotation is due to the fact that non-declining IW also implies the possibility of 
non-declining human well-being (Sato et al., 2015). Besides, sustainability is related to the 
chance of sustaining resources or wealth at a particular level. Therefore, the focal point of 
sustainable development should be on the flow instead of stock. Moreover, GDP alone is 
insufficient to measure sustainability because it is primarily an indicator of economic factors. 
As a result, it is crucial to develop a more comprehensive index that focuses not only on 
economic factors but also on environmental and societal factors, thus, complementing GDP. 
Key to sustainability is the issue of non-declining well-being attributed to development. 
According to Dasgupta (2001), well-being refers to the quality of life, and all sources or stock 
that contribute to the quality of life should be considered as the sources of well-being. In the 
economic perspective, the types of stocks indicated in IW include production capital also 
known as human-made capital; physical capital; human capital; and natural capital. Dasgupta 
(2009) also described IW as wide dimension that encompassed social capital, knowledge 
(education), culture and time, all of which contributed to the productive well-being of 
individuals and nations.  
According to Wiersum (1995) the concept of sustainability at earlier has been accepted 
in the studied of forestry since the 18th century. This implied that at that time, there was never 
happened over-harvest, more than the actual forest produces in new growth. The word 
sustainability is rooted in the term of ‘nachhaltigkeit’ which is literally a German term for 
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durability that first used this meaning in 1713 (Kuhlman and Farrington, 2010; Wiersum, 1995). 
Meanwhile, there is an argument by Jeronen (2013) who holds that sustainability is a word 
derived from Latin sustinere (tenere, to hold; sus, up).  Currently, the term sustainability is in 
line with Standard English, which means that the ability or possibility of a particular item is 
supported. The concept of sustainability has long been practised but may use different terms 
due to its development, supported by a long history (Kidd, 1992). Most likely the use of the 
word 'sustainability' began in 1972, it was written in a book entitled Blueprint for Survival that 
elaborated about the context of human future; as a result, the normative concept becomes more 
prominent. 
 However, the concept of sustainability cannot escape its complexity as it refers to 
everything needed in an effort to maintain or protect something for the sake of sustainability 
and well-being. Well-being and welfare are often used together. Welfare, based on UNECE, 
OECD, and Eurostat (2008),  is a benefit that one receives after using certain goods and services 
over some time. In other words, it is the current value of the utility's future discount. The 
amount that results from measuring usage that represents all members of society is known as 
social welfare. Economists have said this from a different perspective that consumption will 
produce mainly interested in the well-being. This concept of use encompasses the enjoyment 
of goods or services that contribute to well-being, as well as taking into account free products 
such as forest products and other natural resources. Sustainability, on the one hand, can be 
considered a multi-faceted or three-dimensional concept known as the "Triple Bottom Line" 
(TBL) that is environmentally, economically and socially (Choi & Gray, 2008; Weidinger, 
Fischler, & Schmidpeter, 2014). Sustainable development and global sustainability are very 
close. Though complicated, however, over the centuries, every generation has strived to bring 
about sustainable development with their own perspective. The concepts and principles of 
sustainable development have taken their place in world development and development as early 
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as 1987. They are inspired by the Brundtland report titled Our Common Future by World 
Commission on Economic Development (WCED). The report literally defines sustainable 
development as: 
 
“Development which meet the needs of the present without compromising the 
ability of future generations to meet their own needs (WCED, 1987)”. 
 
 Environmental, economic, and equity principles, based on WCED requirements, need 
to be implemented simultaneously for sustainable development to take place. They influence 
the well-being of many generations including the present and future generations. Therefore, it 
is essential to manage the diversification of capital assets by implementing a productive 
economic base without compromising the environment but in the end, as the ultimate goal is 
to provide human welfare. 
 In macro perspective, when policymakers make any proposals regarding sustainable 
development, as Pezzey (1992) points out, it is a natural fit for them to take into account 
essential concepts of the relationship and dependence between economics and the environment. 
The role of this concept was so dramatic and dramatic that it brought about a clash of ideas and 
opinions called “Limits to Growth” in the early 1970s. At the same time, many scholars began 
to open their minds and minds on the importance of sustainable development, especially after 
recognising the fact that human well-being could be maintained without denying world 
development. Arrow et al. (2012) explore two alternative formulations of the well-being of the 
present generation and the well-being of the current generation. By definition, welfare 
according to Neumayer (2004) is a virtue or utility that satisfies human satisfaction. 
Satisfaction will also determine the level of human well-being in which the relationship 
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between these two elements is positive and significant. Achievement of well-being is driven 
by good use and good relations with the environment. The environment is an essential factor 
in this case because all people are aware of this fact that human reliance on the environment or 
natural resources is critical, so it must be considered in every developmental decision-making 
process. 
  Several researchers have studied the importance of the environment, the changes in the 
environment, whether positive or negative, and its impact on human well-being. As explained 
earlier, in addition to the current generation, well-being also directly affects future generations 
because the continuation of the generation will occur naturally. So both generations are 
considered as far as sustainability is concerned about using prudent capital including natural 
capital. Brundtland reports on productivity measurement, but measurement methods are not 
described in detail (Holden, Linnerud, and Banister, 2014). As a result, GDP is still considered 
relevant by some countries in assessing the level of human well-being. It is undeniable that 
GDP is a reflection of economic activity, but on the other hand, GDP fails to take into account 
social costs, environmental impacts, and income inequality when assessing. The neglect of the 
use of several factors has led to the use of methods other than GDP, as suggested by Oleson 
(2011). More comprehensive and inclusive new indicators need to be developed to promote 
sustainable development, which supports the development of quality of human life while living 
in a favourable ecosystem (Costanza et al., 2014).  
 In a country level, sustainable economic development is determined by using Genuine 
Saving (GS) as a critical economic indicator. Unofficially, Hamilton (1994) and Pearce, 
Hamilton, and Atkinson (1996) provide a brief definition of GS; before being converted to 
Inclusive Wealth, among other names leading to GS connotations, according to Hanley, Dupuy, 




1.3 Previous Application Review 
To measure the progress of the wellness framework by stakeholders, many scholars 
have studied this field. Among others Polasky et al., 2015; Sato, Tanaka, and Managi, 2018; in 
addition to Tokimatsu, Dupuy, and Hanley, 2019; as well as Yamaguchi, Islam, and Managi, 
2019), does not deny that IW, also known as GS, is a consistent theory. For some researchers, 
their research was conducted taking into account two other factors, namely market and non-
market assets of all types of capital, which significantly affected the welfare level (Dasgupta, 
2014; Duraiappah and Muñoz, 2012; Ikeda, Tamaki, Nakamura, and Managi, 2017; Kurniawan 
and Managi, 2018; Managi and Kumar, 2018). In terms of cross-country research, the use of 
IW enables administrators to identify regional wealth levels and assess sustainable 
development. For instance, following the tsunami that led to the massive destruction of Japan, 
Yamaguchi, Sato, and Ueta (2016) have measured the country's sustainability. Other 
researchers also conducted studies in the context of post-disaster sustainability such as Acar 
and Gultekin-Karakas (2016) measured Turkey’s sustainability development, Mota, Domingos, 
and Martins (2010) in Portugal, as well as Ollivier and Giraud (2010) assessed the sustainability 
for Madagascar. Based on these studies, it is found that they use indicators closely related to 
IW, making them useful indicators of sustainability context (Yamaguchi and Managi, 2017).  
Productive well-being is assessed by approaches that take into account capital. In this 
regard, inter-generational well-being should not be underestimated as it is an essential element 
in the study of sustainable development. Shadow price represents the element to address the 
issue of economic growth more clearly, where it should always increase or stabilise without 
decline; this is because IW has a positive relationship with human well-being. The three main 
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components of the physical, human and natural capitals are based on the shadow price balance 
sheet, as stated in the Inclusive Wealth Report (2012, 2014). 
Among the three, reliable and most complete data can be obtained by refining the 
physical capital of which the elements contained are among others equipment, machinery, and 
roads, as well as include produced capital. According to Arrow et al. (2012), human capital 
encompasses additional educational achievement and compensation functions over time. The 
third component of natural capital is the fossil fuels (oil, coal, natural gas), minerals (nickel, 
gold, silver, iron, lead, tin, zinc, phosphate, copper, bauxite), in addition to forest resources 
(wood and non-wood), and agricultural land (cropland and pasture land). The BP Statistical 
Review of World Energy (BP, 2013) is a reference to industry players, especially in terms of 
fuel prices such as coal, natural gas, and oil. However, the researcher of the present study 
focused on GDP as output. Capital assets are divided into three categories: physical capital 
(PC), human capital (HC) and natural capital (NC) that represent specific factors, while 2005 
million US $ million is based on capital asset calculations. 
Table 1.1: Component of Inclusive Wealth 
Capital Note Variables Data Sources 
Produced 
(PC) 
 Also known as physical 
and manufactured 
capital. 
 Method develop by 
(King and Levine, 
1994) 
 Perpetual Inventory 
Method (PIM) 
Investment United Nations Statistics 
Division (2016) 
Output United Nations Statistics 
Division (2016) 
Depreciation rate Feenstra et al. (2016) 
Output Growth (GDP)  United Nations Statistics 
Division (2016) 





 Arrow et al. (2012), 
who based their method 
upon (Knowles and 
Owen, 1995). 





Mortality probability by 
age and gender 
World Health 
Organization (2016) 
Discount rate It is assumed a rate of 8.5 
percent 




Conference Board (2016) 
Educational attainment http://www.barrolee.com/ 
Barro and Lee (2016), 





Feenstra et al. (2016) 
Lenzen et al (2016) 






 Including oil, natural 
gas, and coal. 
Reserves U.S Energy Information 
Administration (2015)  
Production U.S Energy Information 
Administration (2015) 
Price BP (2015) 
Rental rate Narayanan et al (2012) 
Minerals 
(NC) 
 10 mineral which is 
including bauxite, 
copper, gold, iron, lead, 
nickel, phosphate, 
silver, tin, and zinc.  
Reserves U.S Geological Survey 
(2015) 
Production U.S Geological Survey 
(2015) 
Prices U.S Geological Survey 
(2015) 




 Represent timber and 
non-timber benefits. 
 Non-timber forest 
products (NTFPs) 
Forest stock Food and Agricultural 
Organization (FAO 
2015), every 5 years.   
Forest stock commercial Food and Agricultural 
Organization (FAO 2006)   
Wood production Food and Agricultural 
Organization (FAO 2015)   
Value of wood production Food and Agricultural 
Organization (FAO 2015)   
Forest area Food and Agricultural 
Organization (FAO 2015)   
Rental rate Bolt el. al (2002) 
Agricultural  Agricultural lands like 
wind breaks, shelter 
belts, abandoned areas 
of shifting cultivation, 
and corridors of trees.  
 Excludes trees 
established with the 
primary purpose of 
agricultural production, 
horticultural and 
agroforestry system.  
Quantity of crops produced Food and Agricultural 
Organization (FAO 2015)   
Price of crops produced Food and Agricultural 
Organization (FAO 2015)   
Rental rate Narayanan et al. (2012) 
Harvested area in crops Food and Agricultural 
Organization (FAO 2015)   




Food and Agricultural 
Organization (FAO 2015)   
Permanent crops land area Food and Agricultural 
Organization (FAO 2015)   
Source: UNU-IHDP and UNEP (2014), edited by the author.  
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Prosperity and wealth of the country can be determined by the wealth of capital and 
assets it possesses. Various types of national capital assets, when properly integrated and 
managed, will form the basis of national productivity. These productive forms, from another 
perspective, will be the basis for sustainable development driven by the sustainability of the 
productive forms, as well as a benchmark for stakeholders, in this case especially the 
government, to continuously enrich, monitor and track state-owned assets. IWR 2014 and IWR 
2018 further elaborate on the theories, methods and calculations related to the topics discussed 
earlier.  
 
1.3  Health and Sustainable Development Goals (SDGs) 
 Fifty-four years ago, Kenneth Arrow published "Uncertainty and the welfare economics 
of medical care” in the American Economic Review. This paper became the most popular and 
widely cited not only in the field of health economics but also a source of reference in other 
areas. In that paper, Arrow (1963) specified that medical care was different from other themes 
in financial and the researcher promoted the health economy as a discipline. Since health 
economics is a rapidly expanding field, measuring human well-being by considering health as 
an indicator has been widely accepted in economics.  
People acknowledge that health is significant in daily life, and it can be considered as 
the main factor in the level of contentment. In the year 1972, noted that the increment in 
people’s stock of knowledge or human capital contributed to the increment in their productivity 
in the market sector of the economy. Grossman (1999) also stated that health capital was 
different from other forms of human capital. This is especially true because people’s stock 
knowledge affects their market and nonmarket productivity levels, while their stock of health 
will determine the time they can spend to generate more earnings and commodities. According 
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to this idea, health can be treated both as consumption and an investment of good consumption. 
For instance, health makes people feel better and at the same time, increases the number of 
productive days to work and earn incomes. 
On 25 September 2015, the 17 SDGs of the 2030 Agenda for Sustainable Development 
were adopted by world leaders in the United Nations General Assembly. The new agenda and 
goals ranging from putting an end to poverty, improvement in well-being, the quality education, 
environmental and climate change to economic growth and also focusing on SDG 3 (to ensure 
a healthy life and promote well-being for all regardless of ages). As such, the additional 
resources must come together into a unit to strengthen a comprehensive health service delivery 
towards the attainment of SDG 3 and universal health coverage especially to low-income and 
middle-income countries (Stenberg et al., 2017). However, Sankoh (2017) asserted that without 
reliable population based data, the need to establish SDGs became more noteworthy. For 
instance, the difficulties to generate data for low-and middle-income countries (LMICs) will 
make it difficult to determine, track, design, implement and fine-tune the policies and 
programmes needed to achieve the SDGs. A study by Lassi et al. (2016) justified that reducing 
maternal mortality and improving maternal health will achieve SDGs, especially in LMICs.  
 
1.5 Inclusive Wealth and Health Stock 
 In our daily life, health is vital and can be considered as the primary contributor to our 
happiness. Therefore, by measuring health stock as part of human capital can serve on the ways 
it relates to the economic, productivity and long-term sustainability and development of the 
nations. A study by Barro (1991, 1996); Kareem et al. (2017); Mankiw, Romer, and Weil 
(2014) and Solow (1956) indicated that human capital in term of health and education were 
significant to the economic growth. Bloom and Canning (2008) posited that health could affect 
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income, labour productivity, children’s education, saving and investment, demographic 
structure, development and economic growth. Anand and Sen (2000) explained that improving 
the health, education, and nutrition was not only crucial in enhancing the capabilities that led 
to more fulfilling lives but also important in increasing the economic and sustainability of 
human capital.   
 In recent years, many organizations and researchers have taken steps to produce more 
inclusive measures of the health stock as a part of human capital. These measures have been 
developed to serve different analytic purposes, and they typically relied on a variety of 
approaches (Boarini and Liu, 2012). For instance, Schultz (1961) claimed that education, 
internal migration to take advantage of better job opportunities and health were variables that 
needed to be considered when it came to forming a human capital; Mushkin (1962) opined that 
the labour productivity increased was resulting from higher education or escalating health 
programs; Grossman (1972) also believed that education and health are parts of a human or 
durable capital stock that produced an output of healthy time; in an agreement with this 
statement, Becker (2007) posited that health especially mortality rates, quality of health and 
the statistical value of life were essential and must be considered as parts of the measurement 
indicators of human capital. Recently, Arrow et al. (2012) suggested for the total value of health 
stock to be included in human capital to be measured by the entire discounted years of life 
expectancy for each group in the country's population.    
 Recently, several researchers treated health as a form of human capital or a capital asset. 
Even though health suitable is arguable as an input of production function, however, is the 
researchers have common understanding that health needs to be considered in measuring 
human well-being and achieving the objectives of sustainable development. For instance, in 
the Inclusive Wealth Report 2012 (IWR 2012) published by United Nations (UN) University's 
International Human Dimension Programme on Global Environmental Change (UNU-IHDP) 
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and the UN Environment Programme (UNEP) treated health as a form of wealth by estimating 
the value of the improvement in life expectancy over a nineteen-year period from the year 1990 
to 2008. However, in that report, they considered health capital as a separate entity from other 
forms of capital. To calculate health stock, the method that has been proposed by Arrow et al. 
(2012) was used and extended the data of 20 countries to 140 countries from the year 1990 to 
2015.  
 On the other hand, forecasting is one of the initial steps in planning, and many plans 
depend on the prediction. The SDGs also need a plan and estimation in order to be achieved 
the objectives. Projection or forecasting is utilised for many purposes; one of them is to plan 
future health affairs. Concerns about health and its long-term sustainability have stimulated the 
development of health forecasting including also the measurement and forecast of health stock 
as a part of human capital. Health is not only a vital component of an individual’s welfare and 
standard of living, but it is also a sound investment that increases the future productive power 
of individuals, country and the economy. For instance, a study by Barro (1991, 1996); Kareem 
et al. (2017); Mankiw, Romer, and Weil (2014) and Solow (1956) indicated that human capital 
in term of health and education was significant to the economic growth. Bear a resemblance to 
the researchers, Bloom and Canning (2008) posited that health could affect income, labour 
productivity, children's education, saving and investment, demographic structure, development 
and the economic growth.  
 Similarly, Anand and Sen (2000) argued that by improving the health, education, and 
nutrition is not only crucial in enhancing the capabilities to lead more fulfilling lives but also 
important in increasing the economic and sustainability of human capital. Likewise, Kjærgård, 
Land, and Pedersen (2013) attested that the simultaneous deterioration of public health and the 
state of the environment is partly linked to the inadequate integration of health promotion and 
sustainability dimensions between local, regional and global levels. In addition, in the IWI also 
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comprehensively evaluates the wealth of human capital stock, including health status and 
happiness, as an essential proxy for welfare (Ikeda et al., 2017). Thus, health stock or stock of 
health capital is also needed to be forecasted particularly to achieve the SDGs 3 that have been 
focusing on the healthy living and wellbeing.   
Health forecasting is a new area of prediction, such as demands for health services and 
healthcare needs (Soyiri and Reidpath, 2013). Concerns about health care expenditure growth 
and its long-term sustainability have risen to the top of the policy agenda in many countries to 
launch forecasting projects to support policy planning. It is also increasingly recognized as a 
valuable tool to facilitate health service provision and resource allocation (Villani et al., 2017a). 
Soyiri and Reidpath (2013) set forth that health forecasting was often embedded on time series, 
a sequence of data points collected at successive, equally spaced time intervals which may be 
characterized by trend, seasonality, cyclicality, and randomness. The authors also testified that 
monitoring population health, which included demographic and health surveillance and 
epidemiological studies on disease surveillance can generate useful data in health forecasting. 
Thus, forecasting of health stock or stock of health capital can be considered as part of health 
forecasting; in the health capital model, health is treated as a stock that provides direct utility 
(Galamaa & Kippersluis, 2013).  
 The decline in global and between-country health inequality has been a significant 
challenge to be overcome completely. However, limited studies have systematically 
investigated the relationship between inequality of health stock and national wealth (both GDP 
and IWI) and net income at the firm-level analysis. Understanding the relationship between 
health, national wealth, and firm-level analysis provides an essential policy implication and 
stimulates sustainable development because health and economic gains are closely intertwined. 
Moreover, health is both a beneficiary and a prerequisite for sustainable development (World 
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Health Organization, 2002). A better understanding of health stock and its inequality will help 
in shaping policies to attain SDG 3 and SDG 10 to reduce inequalities.  
 
1.6 Health Stock and Inequality 
 Thus, in an effort to explain trends in global health stock and inequality, this study 
focused on the time-series pattern of the health stock of 140 countries from the year 1990 to 
2100. At first, the measurement of the health stock index was subjected to the method proposed 
by Arrow et al. (2012); however, this study extended the period; from the year 1990 to 2015. 
Furthermore, based on the historical trends of health stock that have been measured, forecasting 
of future values was done by using Autoregressive Integrated Moving Average (ARIMA) or 
also known as the Box-Jenkins model. The future time series were collected from the year 2016 
to 2100. The trend components values of time series and demographic data projected by the 
United Nations (UN) demonstrate the growth pattern of health stock, income and health 
inequality of 140 countries. As a conclusion, this study focused on forecasting health stock, 
monitored global health and investigated the relationship between inequality of health stock 
and national wealth (both GDP and IWI) and net income at the firm-level analysis. 
 
1.7 Objectives and Contributions 
 The IWI was introduced as a new indicator of sustainability and well-being. IWI 
undoubtedly stood out as one of the most promising endeavours among recent high-profile new 
indicators of sustainability and well-being (Roman & Thiry, 2016). In the framework of IWI, 
at the minimum, sustainability requires the simultaneous preservation not only in produced 
capital related to manufactural assets such as roads and machines, but also natural capital 
involving forest and fossil fuels and human capital covering education and health 
20 
 
(Balasubramanian, 2018). By considering these inputs, the researcher analyse how countries 
differ with respect to the effective utilisation of their productive assets. Based on this study can 
understand why the same productive base of a country could lead to an increase or decrease in 
aggregate output over time depending on productivity changes as a result of the ways resources 
are used. Some countries use their endowed capital efficiently with appropriate productivity 
changes and future-oriented stock consumption schemes, while others do not use their capital 
as efficiently as they should. 
 In the existing economic perspective, health is perceived as a category of capital stock 
that yields ‘healthy days’ in the society. Accounting for health as a capital stock can be 
measured using a method initiated by (Arrow et al., 2012). The amount of health stock can be 
measured by the total discounted years of life expectancy in a country’s population. This 
indicates the need to measure health stock to determine trends in global inequalities in health. 
Nevertheless, the study in the area of health capital stock are still limited to certain contexts 
only. This study aims to measure as well as forecast the health stocks in 140 participating 
countries from year 1990 to 2100. The health capital stock in every country from year 1990 to 
2015 was projected using a capital approach. The future health stocks in the year 2016 and 
2100 were forecasted by using a time-series model.  
This study also estimate global and compare between countries inequalities in length of 
health stock for 140 countries from 1990 to 2015 and investigate the relationship between 
countries inequalities of heath stock with national wealth. National wealth in this study not 
only GDP, but also use firm net income and the latest indicators to measure sustainability and 
well-being which is known as IWI. To achieve these objectives, this research employ several 
quantitative approaches, including the application of IW framework as sustainability measures 
and combined the framework with the statistical technique.  
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In this research, to measure the national health capital stock in global perspective, a 
method as proposed by Arrow et al.(2012) is used to measure health stock for 140 countries 
from 1990 to 2015. This measurement covers more countries and time-span than in Inclusive 
Wealth Report 2012. Then, based on the previously measured historical health-stock data, the 
future health stocks between 2016 and 2100 were forecast using a time-series model. Based on 
the health stock data from 1990 to 2015, global and regional health inequalities in health stock 
were measured using the Gini Index. Further, the country’s GDP, IWI and firms’ net income 
used to examine the association between the health stock and national wealth.  
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This thesis is divided into 5 chapter and organized as follows. Chapter 1 entails the 
background and objectives of the study. Sustainability, IW and focusing on health stock are 
explained in Chapter 2. Chapter 3 depicts the health stock results from 140 countries from 1990 
to 2015, forecasting trends from 2016 to 2100 and discussion on the implications for achieving 
sustainable society from the heterogeneous health stock condition. Extending the framework 
of health stock and utilizing global dataset, 140 countries, Chapter 4 presents global and 
comparison between countries inequalities in length of health stock for 140 countries from 
1990 to 2015. Furthermore, Chapter 4 also investigate the relationship between countries 
inequalities of health stock and national wealth. National wealth in this study includes GDP 
and also firms’ net income IW. Finally, Chapter 5 draws the conclusion and suggestions to 
















SUSTAINABILITY, PRODUCTIVITY AND INCLUSIVE WEALTH 
 
2.1 Introduction 
 Published by the WCED in the year 1987, the Brundtland Commission Report rendered 
the term “sustainable development” to be commonplace. That report entitled “Our Common 
Future” defines sustainable development as “development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs” (WCED, 
1987). This definition implies that regardless of development and its objectives, it is essential 
to ensure that the next generation is able to fulfil its own needs and obtain wealth at least to the 
extent enjoyed by the previous generation.  
 A lot of theoretical work and several studies have demonstrated that sustainable 
development required non-declining per capita wealth; wealth is defined to include produced, 
natural, human and social capital. According to Arrow et al. (2012), wealth is intuitive that an 
economy's productive base comprises the entire range of capital assets to which people have 
access. Wealth not only includes reproducible capital goods (roads, buildings, machinery and 
equipment), human capital (health, education, skills), and natural capital (ecosystems, minerals 
and fossil fuels); but also population (size and demographic profile), public knowledge, and 
the myriad of formal and informal institutions that influence the allocation of resources. 
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 Pearce and Atkinson (1993) proposed the movement of wealth that satisfactory for the 
measurement of sustainable development. The researchers defined sustainable development as 
an economic path along which wealth did not decline. Hamilton (1994) certified that the 
greener measures of wealth per capita and savings rates were more relevance to measure the 
progress towards sustainable development and adjustments to national product. However, the 
previous definition was not initiated on the more fundamental notions of intergenerational well-
being. In a study by Dasgupta and Mäler (2000), they identified the relationship between wealth 
and changes in intergenerational well-being independently by assuming a constant in 
population and total factor productivity (TFP). Coincide with them, Hamilton and Clemens 
(1999) declared that at a full optimum intergenerational well-being increased at a date (t) if and 
only if comprehensive wealth increase at (t). In addition to their theoretical finding, Hamilton 
and Clemens extended the empirical work in World Bank (1997) by constructing an improved 
set of estimates of comprehensive investment. This extensive investment was also known as 
Genuine Saving (Arrow, Dasgupta, and Mäler, 2003).  
 
2.2 Inclusive Wealth Measurement 
  The aggregated capital is a term for inclusive investment, a key indicator of IW. 
According to Arrow et al. (2003), an economy enjoys sustainable development if and only if 
its IW is at constant price or does not decline relative to its population. IW is a measure of 
intergenerational well-being, where the accumulation of wealth corresponds to sustained 
development and is a key to economic progress (Dasgupta, 2007). Thus, we can define IW at 
the time (t) as Wt that includes produced, human, and natural capital. This can be defined as:   
 




where Q(t) is the shadow price of the time asset (TFP in our case). Each P is a shadow price of 
the capital asset, defined as δWt/δC, where K is each capital which is PC(t), HC(t) and NC(t) 
representing produced capital, human capital and natural capital at time t, respectively. 
Therefore, the total capital asset is its quantity multiplied by the present value of the flow of 
social benefits’ extra unit that would be able to be generated over time. This present value is 
called an asset's shadow price. Hence, an economy’s IW is the shadow value of its productive 
base, and inclusive investment, 𝐼𝑊(𝑡), is the shadow value of the net change in its productive 
base (Dasgupta, 2008). All capitals are evaluated on the basis of each of their own accounting 
prices in the current period. The IW should be positive and contrast from recorded investment; 
thus, the sustainability condition can be expressed as: 
 
  𝑰𝑾(𝒕) ≥ 𝟎 for all t (time) 
 
2.3 TFP Measurement  
 To measure cross-country productivity, we adopt the Malmquist Productivity 
Index (MPI) as described by Coelli, Rao, and Battese (1998) and Färe et al. (1994) as a 
measurement of TFP,  to investigate if there is any change in wealth by mapping capital assets 
(human capital, produced capital and natural capital). This is because the MPI is suitable for 
assessing the relationship between inputs and outputs under the multivariate input inefficiency. 
By using the MPI, technological progress and the inefficiency of resource use also can be 
estimated. Therefore, MPI can be considered as the most suitable index to achieve the 
objectives of this research.   
When calculating TFP, we applied produced, human and natural capital as a separate 
unit, each capital as an input and GDP as an output. Because of the multivariate inputs – which 
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are, produced, human and natural capital – we adopted the non-parametric frontier analysis of 
Data Envelopment Analysis (DEA) to measure TFP. By using the distance function 
specification, our problem can be formulated as follows:   
 
𝑻(𝒕) ≡ {(𝒙𝒕, 𝒚𝒕): 𝒙𝒕 𝒄𝒂𝒏 𝒑𝒓𝒐𝒅𝒖𝒄𝒆 𝒚𝒕}     (1) 
 
  In this case, 𝒙 = (𝒙𝟏, … 𝒙𝑴) ∈ 𝑹+
𝑴 and 𝒚 = (𝒚𝟏, … 𝒚𝑵) ∈ 𝑹+
𝑵 are the input and output 
vectors, respectively. The technology set is defined by equation (2), which consists of all 
feasible input vectors, xt and output vectors, yt, at time t. According to Managi (2011), the 
estimation of efficiency relative to the production frontiers relies on the theory of distance or 
gauge functions. In economics, distance functions are related to the notion of the coefficient of 
resources utilization (Debreu, 1951) and to efficiency measures (Farrell, 1957). This distance 
function defined t as:   
 
𝒅𝒕(𝒚𝒕, 𝒙𝒕) = 𝒎𝒊𝒏{𝜹: (𝒙𝒕, 𝒚𝒕/𝜹) ∈ 𝑻(𝒕)}               (2) 
 
  Where 𝛿  is the maximal proportional amount to which 𝑦𝑡  can be expanded given 
technology T(t). Data Envelopment Analysis (DEA) and the output-oriented function are used 
to estimate the distance function under constant returns to scale (CRS) by solving the following 
optimization problem (Managi, 2003):  
 
   𝒅𝑻(𝒕)(𝒙𝒕, 𝒚𝒕) = 𝒎𝒂𝒙𝜹,𝝀𝜹 





   𝑿𝒕𝝀 ≤ 𝒙𝒊
𝒕 




  From formula (3), 𝛿 is the measure of efficiency for country i in year t. 𝜆 is an N x 1 
vector of weights, and 𝑌𝑡 and inputs 𝑋𝑡 are the vectors of outputs 𝑦𝑡 and inputs 𝑥𝑡. To estimate 
productivity over time, several distance functions are used for the input-output vector for period 
𝑡 + 1 and technology in period 𝑡. The MPI (𝑀0) for the output-oriented productivity index is 
as follows:  
 













  (4) 
 
  In formula (4), d represents the geometric distance to the frontier, which can be 
decomposed into efficiency change (i.e., catching up to the frontier) and technological change 
(i.e., change in the production frontier) (Färe et al., 1994). Based on this formula, a country on 
the frontier will perform better under the same resource constraints than a country that is further 
away from the frontier. The estimation of this is performed by using DEA, which is a non-
parametric estimation method. 𝑀0  can be divided into two components. First, efficiency 
change represents the first ratio, while technological changes represent the second. Based on 
this formulation, we estimate the MPI and estimated IW as follows: 
 
𝒇: { 𝑷𝑷𝑪𝑷𝑪, 𝑷𝑯𝑪𝑯𝑪,  𝑷𝑵𝑪𝑵𝑪} Inclusive wealth (IW)   (5) 
   
  In this estimation, it is possible for two countries to have different levels of sustainable 
development even if they have a similar level of capital assets. This is due to the fact that 
sustainable development is dependent not only on how the countries use their capital assets, 




 𝑴𝟎(𝑮𝑫𝑷𝒊,𝒕, 𝑷𝑪𝒊,𝒕, 𝑯𝑪𝒊,𝒕, 𝑵𝑪𝒊,𝒕, 𝑮𝑫𝑷𝒊,𝒕+𝟏, 𝑷𝑪𝒊,𝒕+𝟏, 𝑯𝑪𝒊,𝒕+𝟏, 𝑵𝑪𝒊,𝒕+𝟏) 
         = [
𝒅𝒕(𝑮𝑫𝑷𝒊,𝒕,𝑷𝑪𝒊,𝒕+𝟏,𝑯𝑪𝒊,𝒕+𝟏,𝑵𝑪𝒊,𝒕+𝟏)
𝒅𝒕(𝑮𝑫𝑷𝒊,𝒕,𝑷𝑪𝒊,𝒕,𝑯𝑪𝒊,𝒕,𝑵𝑪𝒊,𝒕)






        (6)         
 
The equation above indicates the feasibility of producing goods with fewer inputs. 
Where d is the geometric distance to the production frontier, it represents the best available 
technology for the given inputs and output. The country under analysis in this research refers 
to i, which runs from 1 to 140 countries in our sample. GDP is the corresponding value of the 
gross domestic product; PC stands for produced capital; HC represents human capital and NC 
stands for natural capital. This index is measured by the ratio between two years; thus, a value 
greater than one represents an improvement or otherwise in the TFP calculation. Using this 
index allows us to examine TFP’s contribution to IW by country.  
 
2.3  Inclusive Wealth Adjusted by TFP Measurement  
  By using the new TFP results and based on the IW methodology, we estimated each 
country’s Inclusive Wealth-TFP Adjusted (IW-TFP Adjusted) for the year 1990-2010. We did 
so by using the annual average of IW per capita and estimated the percentage change of TFP 
on the IW as the sustainability indicator. In order to estimate the IW-TFP Adjusted, we 
calculated the growth rate of IW per capita. We also followed the same process as done by 
Arrow et al. (2004) with the compromise of the use of TFP growth from Collins and Bosworth 
(1996) which was based on GDP output. According to the framework of sustainable 
development, the IW-TFP Adjusted should be maintained at a positive and non-declining state. 
The calculation is as follows: 
 




IW~TFP Adjusted  Inclusive Wealth Adjusted with TFP 
IW     Inclusive Wealth growth per capita 
TFP     TFP growth 
 
 Based on the TFP results from 1990 to 2010, we measured not only IWI-TFP Adjusted, 
but also how countries’ performance affected IW after three main factors were taken into 
consideration. Those three factors are as follows: (1) climate change, particularly the damage 
suffered as the result of increased atmospheric carbon; (2) TFP’s contribution to multiple 
factors missing from economic growth; and (3) oil-capital gains related to the change in oil 
prices, which may either increase or decrease the country’s productivity value.  
Based on the 2012 and 2014 Inclusive Wealth Report, we refer to this adjusted figure 
as the Inclusive Wealth Index Adjusted (IWI Adjusted). We measured the change in wealth for 
140 countries over 21 years on a per capita basis. To estimate the change in wealth, we 
calculated the average annual growth rates in wealth and population. According to the 
framework of sustainable development, the IWI-Adjusted should remain positive and non-
declining. The calculation is as follows:  
 
𝑰𝑾𝑰~𝑨𝒅𝒋𝒖𝒔𝒕𝒆𝒅 = 𝑰𝑾 + 𝑪 + 𝑬 + 𝑻𝑭𝑷 
Where: 
IWI~Adjusted Inclusive Wealth Index Adjusted 
IW   Inclusive Wealth per capita 
C   Carbon damage 
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E   Energy depletion, i.e., oil-capital gain 
TFP   Percentage of TFP growth 
 
 Based on the adjustment set forth above, the IWI-Adjusted can have either a positive 
or a negative effect on countries’ IW. According to Nordhaus and Boyer (2000), climate change 
will benefit some countries, whereas others will experience a negative impact. In terms of oil-
price fluctuations, normally countries that are considered as oil producers will realize the 
advantages and positive changes in wealth compared to countries that depend on oil imports. 
 
2.4 Data 
For the sources of these data, we refer to the 2014 Inclusive Wealth Report published 
by UNU-IHDP and UNEP. This dataset provides quantitative information on data for 140 
countries from 1990 to 2010.  As noted above, the accounting shadow balance sheet included 
as inputs here consists of not only produced capital (PC) and human capital (HC), but also 
natural capital (NC). To measure NC wealth, fossil fuels (oil, coal, and natural gas), minerals 
(nickel, gold, silver, iron, lead, tin, zinc, phosphate, copper, and bauxite), forest resources 
(timber and non-timber) and agricultural land (cropland and pastureland) are used. For HC 
wealth, the calculation uses education attainment and the additional compensation over time as 
developed by Arrow et al. (2012). The BP Statistical Review of World Energy (BP, 2013) is 
used for the price of coal, natural gas, and oil. Equipment, machinery, and road data are 
calculated for PC. In this research, we utilized GDP as an output. All capital wealth in this 





2.5  Empirical Results 
2.5.1 Total Factor Productivity (TFP) 
  Based on the estimating procedure explained in Section 3, we estimated each country’s 
TFP, efficiency change and technical change for the 21 years included in the dataset. The means 
of each country’s TFP change, efficiency change and technical change from 1990 to 2010 are 
presented in Figure 2.1 and Table 2.1. 
 
Figure 2.1 Average of TFP for 140 countries (1990-2010) 
   
  Table 2.1 and Figure 2.1 show the TFP change for the 140 countries from 1990 to 2010. 
The countries in the table are presented in descending order based on the magnitude of TFP 
changes. The table shows Singapore and China as the two countries with the highest TFP 
growth. Singapore indicates a 10.0 percent average growth in TFP (caused by steady growth 
in efficiency) and 10.0 percent growth in technical change. The highest TFP growth of 
Singapore contributes to its rapid economic development. According to Han (2017), the rapid 
economic development of Singapore was attributed to its plan-rational technocratic elite and 
its environmental policy which resulted in its international reputation as a model green city 
with a remarkable expansion of green spaces and infrastructure. Australia, the United 
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Kingdom, India and Japan exhibited TFP growth rates of 0.5 percent, 3.2 percent, 0.8 percent 
and 0.5 percent, respectively. The unweighted average growth in TFP across 140 countries was 
0.7 percent. 
 
Table 2.1 Ranking and summary of estimated TFP 
Ranking Country TFP Ranking Country TFP Ranking Country TFP 
1 Singapore 1.100 2 China 1.052 3 Trinidad and 
Tobago 
1.038 






1.032 8 Albania 1.030 9 Peru 1.025 
10 Thailand 1.025 11 Cambodia 1.025 12 Mozambique 1.025 
13 Argentina 1.024 14 Botswana 1.024 15 Mali 1.024 




19 Tunisia 1.020 20 Yemen 1.020 21 Jordan 1.019 
22 Namibia 1.018 23 Nepal 1.018 24 Iran  1.017 
25 Malawi 1.017 26 Niger 1.017 27 Ecuador 1.016 
28 Panama 1.016 29 Swaziland 1.016 30 Benin 1.016 
31 Slovakia 1.015 32 Cuba 1.015 33 Dominican 
Republic 
1.015 
34 Belgium 1.014 35 Ireland 1.014 36 Maldives 1.014 
37 Belize 1.014 38 Sri Lanka 1.014 39 Sudan 1.014 
40 Lesotho 1.013 41 Nicaragua 1.013 42 Papua New 
Guinea 
1.013 




46 Malaysia 1.011 47 Uruguay 1.011 48 Indonesia 1.011 
49 Iraq 1.011 50 Luxembourg 1.010 51 Norway 1.010 
52 Armenia 1.010 53 Paraguay 1.010 54 Myanmar 1.010 
55 Rwanda 1.010 56 Cyprus 1.009 57 Czech 
Republic 
1.009 
58 Greece 1.009 59 Brazil 1.009 60 Congo 1.009 
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61 Guatemala 1.009 62 Pakistan 1.009 63 Mauritania 1.009 




1.008 66 Cameroon 1.008 
67 India 1.008 68 Philippines 1.008 69 Austria 1.007 
70 Colombia 1.007 71 Côte 
d'Ivoire 
1.007 72 Egypt 1.007 
73 Finland  1.006 74 Israel 1.006 75 Algeria  1.006 
76 El Salvador 1.006 77 Togo 1.006 78 Australia 1.005 
79 Japan 1.005 80 Netherlands 1.005 81 New 
Zealand 
1.005 




1.005 86 Honduras 1.005 87 Senegal 1.005 
88 Sweden 1.004 89 Morocco 1.004 90 Iceland 1.003 
91 Malta 1.003 92 South Africa 1.003 93 Mongolia 1.003 
94 Bangladesh 1.002 95 Bahrain 1.001 96 Italy 1.001 
97 Saudi Arabia 1.001 98 Chile 1.001 99 Romania 0.993 
100 Fiji 1.001 101 Barbados 1.000 102 Canada 0.990 
103 Afghanistan 1.000 104 The Central 
African 
Republic 
1.000 105 Switzerland 0.999 
106 United Arab 
Emirates 
(UEA) 
0.999 107 Gabon 0.999 108 Turkey 0.999 
109 Denmark 0.998 110 France 0.998 111 Germany 0.998 




0.998 114 Liberia 0.998 
115 Estonia 0.997 116 Hungary 0.997 117 Burundi 0.997 
118 Kenya 0.997 119 Mexico 0.996 120 Zambia 0.996 
121 Spain 0.995 122 Jamaica 0.993 123 Lithuania 0.993 
124 Russian 
Federation 
0.993 125 Portugal 0.992 126 Kazakhstan 0.990 
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127 Loa People’s 
Democratic 
Republic 
0.990 128 Sierra Leone 0.989 129 Vietnam 0.988 
130 Zimbabwe 0.987 131 Kyrgyzstan 0.985 132 Latvia 0.984 
133 Croatia 0.981 134 The 
Republic of 
Moldova 





136 Haiti 0.977 137 Tajikistan 0.975 138 Serbia 0.973 
139 Gambia 0.968 140 Ukraine 0.966 Mean   1.007 
 
  Figure 2.2 shows the annual mean TFP change, technical change and efficiency change 
for over the entire study period (1990 to 2010) for 140 countries. On average, TFP values 
increased in many countries throughout the period of study. The worst TFP change during the 
study period was from 2008 to 2009 and is attributable to the global financial crisis. The highest 
technical and efficiency change was in 1992-1993 and 2002-2003, respectively. 
 




  Table 2.2 shows the mean TFP change, efficiency change and technical change results 
based on the different regions from 1990 to 2010. It is clear that Asia shows the highest TFP 
growth (1.0 percent), followed by Latin America and the Caribbean (0.9 percent). North 
America shows the lowest (and decreasing) TFP, followed by Europe (0.1 percent).  
 
Table 2.2 Means of TFP, efficiency change and technical change (1990-2010) based on regions 
 
Regions TFP Change Efficiency Change Technical Change 
Africa 1.008 1.004 1.005 
Asia 1.010 1.000 1.010 
Europe 1.001 0.990 1.011 
Latin America and the 
Caribbean 1.009 1.001 1.008 
Northern America 0.999 0.992 1.007 
Oceania 1.006 1.000 1.006 








  Figure 2.3 above shows the cumulative TFP indices from 1990 to 2010 based on six 
regions. Asia clearly experienced the highest cumulative growth, especially in 2010, followed 
by Africa and Latin America and the Caribbean. North America and Oceania were at the 
bottom, whereas Asia still experienced the highest cumulative growth against the global growth 
in TFP. According to Clémençon (1997), economic integration and free trade could be the 
factors that further boosted the economic growth of Asian countries, especially in the 
Association of Southeast Asian Nations (ASEAN). Sonnenfeld and Mol (2006) argued that the 
Asia-Pacific region is unquestionably one of the most economically dynamic areas in the 
world. For instance, countries like China, India, Malaysia, Vietnam, and Thailand indicated 
steady economic growth in two decades, even while facing the financial crisis in the late 1990s.   
 
2.6  Inclusive Wealth Considering TFP (IW-TFP Adjusted) 
Using the results of the new TFP and based on the method described, we estimated each 
country’s IW-TFP Adjusted for 1990-2010. In this study, we used each annual per capita IW 
and estimated the percentage change in TFP on the IW as an indicator of sustainable 
development. We calculated the growth rate of per capita IW to estimate the IW-TFP Adjusted. 
We followed the same process as in Arrow et al. (2004) through the use of TFP growth from 
Collins and Bosworth (1996), which is based on GDP output. The result of the IW-TFP 
Adjusted is shown in Table 2.3.  
Table 2.3 shows the post-IW-TFP adjustment figures for 140 countries over 21 years 
from 1990 to 2010. The table demonstrates that among those 140 countries, 100 countries, 
representing 71 percent of nations, showed a positive IW-TFP Adjusted. Before adjustment, 
85 countries demonstrated positive IW; after modification, 25 countries moved from the 
negative to the positive bracket, and only 10 nations experienced the reverse. Belize, Benin, 
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Botswana, Cambodia, Colombia, Côte d'Ivoire, Ecuador, Ghana, Guyana, Indonesia, Iran, 
Malawi, Mali, Mozambique, Namibia, Nepal, Nicaragua, Niger, Nigeria, Peru, the Syrian Arab 
Republic, Trinidad and Tobago, Uganda, Tanzania and Yamen moved from negative to 
positive. Croatia, Gambia, Haiti, Jamaica, Kazakhstan, Kenya, Kyrgyzstan, Russian 
Federation, Serbia, and Ukraine moved from positive to negative. The movement of several 
countries from negative to positive positions proved that TFP also can be considered as one of 
the factors that has an impact on the result. Figures 2.4 and 2.5 show the percentage of growth 
rate (per capita) on IW before and after TFP adjustment.   
 
 
Figure 2.4 Before IW-TFP adjusted 
 
 




Table 2.3 Result of IW-TFP adjusted per capita and percentage of change 
Countries After 
Adjusted 
% Change Countries After 
Adjusted 
% Change 
Afghanistan -0.825 -0.8% Liberia -3.565 -3.6% 
Albania 3.759 3.8% Lithuania 0.594 0.6% 
Algeria -0.156 -0.2% Luxembourg 2.521 2.5% 
Argentina 2.724 1.3% Malawi 0.389 0.4% 
Armenia 2.027 2.0% Malaysia 1.538 1.5% 
Australia 0.829 0.8% Maldives 4.652 4.6% 
Austria 1.841 1.8% Mali 0.768 0.7% 
Bahrain 0.943 0.9% Malta 1.954 1.9% 
Bangladesh 1.629 1.6% Mauritania 1.190 1.2% 
Barbados 0.623 0.6% Mauritius 2.094 2.1% 
Belgium 2.439 2.4% Mexico 0.516 0.5% 
Belize 0.006 0.01% Mongolia -0.910 -0.9% 
Benin 0.313 0.3% Morocco 1.519 1.5% 
Bolivia -1.593 -1.5% Mozambique 0.022 0.02% 
Botswana 2.203 2.2% Myanmar -0.326 -0.3% 
Brazil 1.013 1.0% Namibia 1.001 1.0% 
Bulgaria 1.451 1.5% Nepal 0.199 0.2% 
Burundi -0.413 -0.4% Netherlands 1.428 1.4% 
Cambodia 1.146 1.1% New Zealand 0.980 1.0% 
Cameroon -0.987 -1.0% Nicaragua 0.674 0.6% 
Canada 0.282 0.3% Niger 0.611 0.6% 
The Central African 
Republic -2.095 -2.1% Nigeria 1.565 1.6% 
Chile 1.224 1.2% Norway 1.299 1.3% 
China 7.163 7.2% Pakistan 1.557 1.6% 
Colombia 0.605 0.6% Panama 2.219 2.2% 
Congo -1.809 -1.8% Papua New Guinea -1.468 -1.5% 
Costa Rica 1.298 1.3% Paraguay -0.143 -0.1% 
Côte d'Ivoire 0.160 0.2% Peru 1.928 1.9% 
Croatia -0.974 -1.0% Philippines 1.307 1.3% 
Cuba 1.616 1.6% Poland 1.618 1.6% 
Cyprus 1.891 1.9% Portugal 0.216 0.2% 
Czech Republic 2.166 2.2% Qatar -0.496 -0.5% 
The Democratic 
Republic of the 
Congo -4.736 -4.7% 
The Republic of 
Korea 3.467 3.4% 
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Denmark 0.291 0.3% 
The Republic of 
Moldova -2.082 -2.1% 
Dominican Republic 2.519 2.5% Romania 1.129 1.2% 
Ecuador 0.641 0.6% Russian Federation -0.554 -0.6% 
Egypt 1.357 1.4% Rwanda 1.635 1.6% 
El Salvador 2.188 2.2% Saudi Arabia -1.278 -1.3% 
Estonia 1.422 1.4% Senegal -0.546 -0.5% 
Fiji 0.802 0.8% Serbia -1.966 2.0% 
Finland 1.294 1.3% Sierra Leone -1.990 -2.0% 
France 0.888 0.8% Singapore 11.923 12.0% 
Gabon -1.820 -1.8% Slovakia 2.642 2.6% 
Gambia -3.169 3.2% Slovenia 1.157 1.2% 
Germany 1.276 1.3% South Africa 0.395 0.4% 
Ghana 1.534 1.5% Spain 1.418 1.4% 
Greece 1.889 1.9% Sri Lanka 2.588 2.5% 
Guatemala 1.175 1.2% Sudan (former) -0.201 -0.2% 
Guyana 1.107 1.1% Swaziland 1.929 1.9% 
Haiti -1.363 -1.4% Sweden 1.034 1.0% 
Honduras -0.135 -0.1% Switzerland 0.337 0.3% 
Hungary 0.992 1.0% 
The Syrian Arab 
Republic 1.783 1.8% 
Iceland 0.329 0.3% Tajikistan -3.562 -3.6% 
India 1.557 1.6% Thailand 3.752 3.7% 
Indonesia 1.080 1.0% Togo -0.023 -0.02% 
Iran 0.977 1.0% 
Trinidad and 
Tobago 3.590 3.6% 
Iraq -1.886 -1.9% Tunisia 3.137 3.1% 
Ireland 2.936 2.9% Turkey 0.816 0.8% 
Israel 1.488 1.5% Uganda 2.064 2.1% 
Italy 0.903 0.9% Ukraine -3.002 -3.0% 
Jamaica -0.027 -0.03% 
The United Arab 
Emirates -3.315 -3.3% 
Japan 1.406 1.4% United Kingdom 4.055 4.1% 
Jordan 2.608 2.6% 
The United 
Republic of 
Tanzania 1.046 1.0% 
Kazakhstan -0.670 -0.7% 
United States of 
America (USA) 0.401 0.4% 
Kenya -0.095 -0.1% Uruguay 1.844 1.8% 
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Kuwait -0.278 -0.3% Venezuela -0.312 -0.3% 
Kyrgyzstan -1.341 -1.3% Viet Nam 0.735 0.7% 
Lao People's 
Democratic 
Republic -2.536 -2.5% Yemen 1.590 1.5% 
Latvia 0.111 0.1% Zambia -2.779 -2.8% 
Lesotho 2.205 2.2% Zimbabwe -2.438 -2.4% 
 
2.7  Inclusive Wealth Index Adjusted (IWI-Adjusted) 
   We also measured how countries' performance was affected by three main factors 
(carbon damage, oil-capital gains, and TFP) that were taken into consideration for the 
adjustment. We refer to this new adjustment as IWI-Adjusted and measure all the countries in 
the sample on a per capita basis. We also calculated the annual average growth rate in wealth 
and population to estimate the change in wealth.   
  Before the new adjustment, 55 countries experienced negative growth per capita IW, 
representing almost 39 percent of the 140 countries in this study. Eighty-five out of 140 
countries showed a positive growth rate in wealth, representing almost 77 percent of the total 
sample. After adjusting three main factors (carbon damage, oil-capital gains, and the latest TFP 
results), the number of countries showing positive growth rates in wealth increased from 85 to 
101. Twenty-seven countries moved from the negative to the positive bracket after the wealth 
adjustment. The following 11 countries moved from the positive to the negative bracket after 
all three factors were taken into consideration: Croatia, Gambia, Haiti, Jamaica, Kenya, 
Kyrgyzstan, Latvia, Portugal, Russian Federation, Serbia, and Ukraine. Of the 140 countries, 
40 (almost 29 percent) remained in the negative bracket after the adjustment. These 40 




   Figures 2.6 and 2.7 show the following 27 countries that moved from the negative to 
the positive bracket after all three factors were adjusted: Algeria, Botswana, Cambodia, 
Ecuador, Ghana, Guyana, Indonesia, Iran, Iraq, Kuwait, Malawi, Mali, Namibia, Nicaragua, 
Niger, Nigeria, Peru, Qatar, Saudi Arabia, Sudan, the Syrian Arab Republic, Trinidad and 
Tobago, Uganda, United Republic of Tanzania, Venezuela and Yemen. Both Figure 2.6 and 













  Among the three main factors, TFP made the biggest contribution by moving 25 
countries from the negative to the positive bracket after the energy depletion factor which took 
oil-capital gains into consideration. In the case of climate change, most of the countries in this 
study experienced a negative significance. Thus, TFP can be considered as one of the factors 
that significantly contributes to several countries’ movement from the negative to the positive 
bracket. Table 2.4 shows the results of after TFP Adjusted per capita and percentage of change.  
 
Table 2.4 Results after TFP adjusted per capita and percentage of change  
Countries After 
Adjusted 
% Change Countries After 
Adjusted 
% Change 
Afghanistan -1.025 -1.0% Liberia -3.566 -3.7% 
Albania 3.535 3.5% Lithuania 0.248 0.2% 
Algeria 0.667 0.6% Luxembourg 1.964 2.0% 
Argentina 2.492 2.5% Malawi 0.089 0.1% 
Armenia 1.164 1.1% Malaysia 1.363 1.4% 
Australia 0.751 0.7% Maldives 3.936 4.0% 
Austria 1.566 1.6% Mali 0.642 0.6% 
Bahrain 0.622 0.6% Malta 1.366 1.4% 
Bangladesh 1.332 1.3% Mauritania 0.504 0.5% 
Barbados 0.329 0.3% Mauritius 1.571 1.6% 
Belgium 2.058 2.1% Mexico 0.087 0.1% 
Belize -0.333 -0.3% Mongolia -1.005 -1.0% 
Benin -0.021 -0.02% Morocco 1.154 1.2% 
Bolivia -1.630 -1.6% Mozambique -0.076 -0.1% 
Botswana 1.905 1.9% Myanmar -0.478 -0.5% 
Brazil 0.810 0.8% Namibia 0.843 0.8% 
Bulgaria 0.993 1.0% Nepal -0.001 -0.001% 
Burundi -0.671 -0.7% Netherlands 1.034 1.0% 
Cambodia -0.871 -0.9% New Zealand 0.831 0.8% 
Cameroon -1.076 -1.1% Nicaragua 0.233 0.2% 
Canada 1.077 1.1% Niger 0.381 0.4% 
Central African 
Republic 
-2.130 -2.1% Nigeria 3.501 3.5% 
Chile 0.853 0.8% Norway 1.473 1.5% 
43 
 
China 6.942 7.0% Pakistan 1.140 1.1% 
Colombia 0.509 0.5% Panama 1.430 1.4% 
Congo -1.201 -1.2% Papua New Guinea -1.521 -1.5% 
Costa Rica 1.018 1.0% Paraguay -0.324 -0.3% 
Côte d'Ivoire -0.077 -0.1% Peru 1.803 1.8% 
Croatia -1.166 -1.2% Philippines 0.711 0.7% 
Cuba 0.886 0.9% Poland 1.426 1.4% 
Cyprus 1.444 1.4% Portugal -0.078 -0.1% 
Czech Republic 1.964 2.0% Qatar 3.526 3.5% 
Democratic 
Republic of the 
Congo 
-4.755 -4.8% Republic of Korea 2.921 3.0% 
Denmark 0.070 0.1% Republic of 
Moldova 
-2.501 -2.5% 
Dominican Republic 2.018 2.0% Romania 0.883 1.0% 
Ecuador 1.618 1.6% Russian Federation -0.400 -0.4% 
Egypt 0.904 0.9% Rwanda 1.205 1.2% 
El Salvador 1.756 1.8% Saudi Arabia 2.204 2.2% 
Estonia 1.171 1.1% Senegal -1.004 -1.0% 
Fiji 0.307 0.3% Serbia -2.049 -2.0% 
Finland 1.002 1.0% Sierra Leone -2.352 -2.4% 
France 0.605 0.6% Singapore 10.804 11.0% 
Gabon -1.083 -1.1% Slovakia 2.448 2.4% 
Gambia -3.709 -3.7% Slovenia 0.962 1.0% 
Germany 0.991 1.0% South Africa 0.115 0.1% 
Ghana 1.058 1.1% Spain 1.110 1.1% 
Greece 1.442 1.4% Sri Lanka 2.226 2.2% 
Guatemala 0.864 0.9% Sudan (former) -1.185 -1.2% 
Guyana 1.024 1.0% Swaziland 1.714 1.7% 
Haiti -1.845 -1.8% Sweden 0.737 0.7% 
Honduras -0.449 -0.4% Switzerland 0.171 0.2% 
Hungary 0.797 0.8% Syrian Arab 
Republic 
1.428 1.4% 
Iceland 0.099 0.1% Tajikistan -4.670 -4.7% 
India 1.169 1.2% Thailand 3.117 3.1% 
Indonesia 0.822 0.8% Togo -0.414 -0.4% 
Iran 3.349 3.3% Trinidad and 
Tobago 
3.778 3.8% 
Iraq 3.946 4.0% Tunisia 2.891 2.9% 
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Ireland 2.591 2.6% Turkey 0.509 0.5% 
Israel 1.267 1.3% Uganda 1.645 1.6% 
Italy 0.577 0.6% Ukraine -3.257 -3.3% 
Jamaica -0.657 -0.7% United Arab 
Emirates 
-0.030 -0.03% 
Japan 1.231 1.2% United Kingdom 3.805 3.8% 
Jordan 1.629 1.6% United Republic of 
Tanzania 
0.792 0.8% 
Kazakhstan 0.536 0.5% United States of 
America (USA) 
0.182 0.2% 
Kenya -0.518 -0.5% Uruguay 1.533 4.4% 
Kuwait 6.694 6.7% Venezuela 2.005 2.0% 




-2.564 -2.6% Yemen 1.913 1.9% 
Latvia -0.190 -0.2% Zambia -2.860 -2.9% 
Lesotho 2.008 2.0% Zimbabwe -2.753 -2.8% 
 
2.4  G7 Countries 
  In this study, we also learned something about the Major Development Economies of 
the G7 countries. There are seven countries in the G7: Canada, Japan, France, Germany, Italy, 
United Kingdom (UK) and the United States of America (USA). Figure 2.8 shows the wealth 
composition of the G7 countries from 1990 to 2010. Most of the G7 countries have human 
capital advantages that can be considered as a major contributor to their TFP and economic 
growth. In the case of Canada, its natural capital makes the second-highest wealth contribution 
after the human capital, representing 31 percent of Canada's IW. The UK’s growth in 
productivity contributes more than its human capital. This success can be attributed to tougher 
competition in the product and labour markets, an increase in higher education, and faster 






Figure 2.8 Percentage of wealth composition of G7 countries (1990-2010) 
 
The combination of human and produced capital in Japan has supported its growth and 
efficiency increase in other components throughout the study period. This is due to the fact that 
labour productivity in Japan after 1995 has been attributed to a compositional shift in the labour 
market to increase the amount of higher-quality labour due to a higher demand for higher 
education (Chun et al., 2015). The United Kingdom has the highest amount of human capital 
in G7 at 78 percent of total wealth, followed by France at 73 percent. Therefore, human capital 
is the foremost contributor to IW growth rates for all of the G7 countries. On average, human 
capital contributed to 68 percent of overall  IW, whereas produced capital contributed to 25 
percent and natural capital contributed to 7 percent if we look at all G7 countries as a single 
group. 
The TFP growth of the G7 countries has undergone a powerful revival since 1990, as 
depicted in Figure 2.9. The TFP growth rate, which considers natural capital as an input, shows 
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that the UK's TFP growth rate pattern has increased.  The UK's TFP growth based on IW 
continued to increase from 1990 to 2010 but not high as France and Germany. Although France 
and Germany started the 20-year period behind the UK, the UK finished ahead until 2010. The 
trend in TFP growth among the G7 countries since the mid-1990s has attracted significant 
attention because labour productivity growth represents an important factor in economic 
growth stability (Jablanovic, 2012). 
 
Figure 2.9 TFP growth (%) of the G7 countries (1990-2010) 
 
The UK’s TFP growth exceeded that of the USA since 1992. Although the entire G7 
suffered during the financial crisis of 2008-2009, the UK continued to enjoy the highest TFP 
growth in the G7. From 2005 to 2010, TFP growth for most of the G7 countries was slowed 
considerably by the global financial and economic crisis of 2008-2009. Recovery from the 
Great Recession of 2007-2009 by the USA, Japan, Canada and the four European economies 
of the G7 has been slow and irregular  (Jorgenson and Khuong, 2013). The Asian currency and 
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financial crises of 1997 and 1998 affected Japan's TFP growth more than that of other G7 
countries because Japan is the only Asian country in the G7. Japan recovered from the Asian 
financial crisis and in 1999, Japan's TFP growth was higher than that of France, Germany, and 
the USA. Japan's TFP growth was revived from 2000 to 2010, and Italy showed the weakest 
performance during the global crisis.  
 
2.5 Conclusion 
 This study has combined the concept of inclusive wealth, including natural capital, as an 
input with an adjustment of oil capital gain in productivity measurement. We utilized the MPI 
to measure cross-country productivity accounting during the 1990 to 2010 study period.   
  The TFP results from using GDP as an output and IW (human, produced and natural 
capital) as an input showed significantly different results from conventional residual type or 
GDP production function type TFP calculations among 140 countries. The growth in TFP also 
depends on the contribution of two components, namely countries’ technical efficiency change 
and technological change. Meanwhile, natural capital, including oil capital gain related to the 
change in oil prices, is significant in influencing the productivity value of the country. 
  In this study, for most countries, we found that the composition of human and produced 
capital is higher and contributes more to productivity than contribution of natural capital from 
1990 to 2010. However, the loss of natural capital is not high enough to compensate both 
human and produced capital. Therefore, it is suggested, for example, that countries investing 
in natural capital should compensate for human capital development, non-renewable natural 
capital depletion and return to sustainable agenda. For instance, in the Russian case, there was 
a significant link between global oil price and the productivity output of the Russian economy. 
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It is suggested that countries like Russia need to reduce the dependence of their economy on 
global trade environment, especially oils or fuels, in order to achieve sustainable development. 
  This study also presents several important findings for economic-policy evaluation and 
planning. In general, a country must target not only GDP growth as a primary policy objective, 
but also move towards incorporating IW into the measurement of TFP for a country’s 
sustainable development that is striving to improve the citizens “well-being”. This finding 
suggests that IW is useful in assessing sustainable development. For future studies, more 
sophisticated research, with an expanded dataset is needed, for example, one that includes more 



















HETEROGENEOUS GLOBAL HEALTH STOCK AND GROWTH: 
QUANTITATIVE EVIDENCE FROM 140 COUNTRIES, 1990 - 2100 
 
3.1 Background 
 In the existing economic perspective, health is perceived as a category of capital stock 
that yields ‘healthy days’ in the society. Nevertheless, the study in the area of health capital 
stock are still limited to certain contexts only. Thus, this study aims to measure as well as 
forecast the health stocks in 140 participating countries from year 1990 to 2100. The health 
capital stock in every country from year 1990 to 2015 was projected using a capital approach. 
The future health stocks in the year 2016 and 2100 were forecasted by using a time-series 
model. 
 
3.1.1 Health and Sustainability Development Goals (SDGs) 
 Human capital, which comprise education and health, is essential to ensure economic 
growth besides other factors such as income, saving and investment, labour productivity, and 
demographic structure (Bloom & Canning, 2008; Cooray, 2013; Kareem et al., 2017; Mankiw, 
Romer, & Weil, 2014). Despite the fact that  health and education are normally perceived as 
important factors, it is also discovered that health status manifests more positively to the 
economic growth in Sub-Saharan Africa compared to education (Yang, Farmer, & McGahan, 
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2010). Due to that, the improvement in national health status could give advantage to not only 
the aspect of human capital, but also plays an important part in the world’s economic 
sustainability. It has been in constant debate that Sustainability Development Goals (SDGs) as 
part of the 2030 Agenda for Sustainable Development emphasis to specifically ensure healthy 
lives as well as advocating the welfare of every individuals. Apart from that, the SDGs will not 
be achieved until the debilitating illnesses is low, where the health of the population can be 
sustained with ecologically sustainable development (Haines et al., 2012; Hancock, 1993; 
Kjærgård, Land, & Pedersen, 2013; World Health Organization, 2002). Based on this issue, 
local and international foundations, and governmental as well as international agencies are keen 
to use the sustainability derived from health status as a central criterion in public health 
programmes (Yang et al., 2010). The World Health Organization (WHO) also emphasized that 
it is pertinent to position health as a major contributor to the SDGs based on the argument that; 
by compromising health, various other SDGs are not possible to be achieved, and it also works 
vice versa where health factor also benefits from achievement of other SDGs (World Health 
Organization, 2018b). 
Due to the fact that to achieve health-related SDGs involve the sustainability criteria, 
health status measurement is of particular interest by researchers as well as policy makers. In 
order to indicate health status, indicators such as fertility rate, healthy life expectancy, and 
disability-adjusted life year (DALY) are used. Notwithstanding, the indicators are just 
indicated only by certain aspects of health status, which are incapable to reflect on the 
accessibility of substitute and complementary resources to improve health status in general. 
The shortage in latter aspect is considered critical to achieve SDGs because the targets are 
broad within such limited resources in the world. Hence, a simple indicator known as Inclusive 
Wealth Index (IWI) can be used to solve those problems (UNU-IHDP and UNEP, 2012b).  
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The Inclusive Wealth Report 2012 (IWR 2012) announced the health status to be an 
important form of wealth according to the estimation of improvement in life expectancy value 
within the year 1990 to 2008. In the same report, it was also demonstrated that some countries 
are more advance than the other in the three pillars of sustainability, such as; social, 
environmental and economic. As for the IWI practical measurement, Arrow et al. (2013) 
suggested to measure health capital compatible with public economics theories. For instance, 
health stock can be calculated by the total discounted years of the country’s population life 
expectancy. This measurement can predict the substitution among health capital and different 
types of capital, such as; natural or produced capital.  
In spite of that, health capital cannot only be measured as guided in IWR 2012 but at 
the same time also needs to be forecasted, in order to achieve SDG 3 of the SDGs, which 
elaborates on healthy lives and well-being. Many countries in the world have made healthcare 
expenditure and the sustainability in the long run as their main considerations in policy agenda. 
Among the moves done to make this as success is to conduct forecasting projects to come up 
with better policy planning (Astolfi, Lorenzoni, & Oderkirk, 2012). Apart from the necessity 
to forecast the population health status, recent studies have developed in other specialized areas, 
such as economics, politics, technology, public health, and environmental fields (Soyiri & 
Reidpath, 2013).  
Hence, in order to fill the gap between previous studies and the forecasting requirement, 
this study aims to measure as well as forecast the national health capital stock in global 
perspective. As the first step, this study measures the health-stock index by using Arrow et al. 
(2013) as guidance. The measurements are taken from 140 participating countries from year 
1990 to 2015. It is also imperative to note that this study’s measurement expands to a wider 
coverage of countries with more time-span than what was reported in IWR 2012. After that, 
the future values are forecasted using autoregressive integrated moving average (ARIMA) 
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based on historical health-stock data that were measured previously. To date, this technique 
has been comprehensively used to forecast health aspects (Astolfi et al., 2012; Manikandan. et 
al., 2016; Villani et al., 2017) due to the fact that the ARIMA model is a sophisticated 
prediction method that relies on statistical theory as well as strong adaptive ability (Liu & Li, 
2015). By using this technique, the growth patterns of the health stock in the 140 participating 
countries can be analysed in the future of the 21st century. Further to that, the relation between 
sustainable development and enhancement in health and population growth can also be 
analysed, especially in places where it is critical to measure these aspects such as in low-income 
countries (LICs) in view of the fact that their population still deal with severe health issues on 
daily basis. As an example, population in LICs are normally refrained from healthcare access 
(medicine and devices) where the situation calls for improvement in their health quality (Bors 
et al., 2015; Sabet Sarvestani & Sienko, 2018). Based on the discussions above, this research 
aspires to contribute towards developing the criteria for sustainability in health-related issues 
in LICs as well as other countries. 
This thesis is organized as follows. The next section discusses the research 
methodology of application to model and forecasting the health stock. Section 3 describes the 
health-stock results from 140 participating countries from year 1990 to 2015 as well as the 
forecasting trends from year 2016 to 2100. In section 4, implications to achieve sustainable 
society from the heterogeneous health stock condition is discussed. Finally, section 5 
summarises the implications of this research with regards to how the SDGs can be achieved.  
 
3.2 Methods 
 In this section, the method of estimating global health-stock by using capital approach 
as suggested  by Arrow et al. (2012) is explained.  The capital approach assess human wealth 
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as total current values of human, produced, as well as natural capital. To date, the capital 
approach has been utilised in evaluating national wealth (Managi & Kumar, 2018; UNU-IHDP 
and UNEP, 2012), regional health (Takahashi, Ikeda, & Managi, 2017), and also in projects 
evaluation by various organizations (Collins et al., 2017; Ikeda et al., 2017). This technique 
calculates the amount of health stock by using life expectancy’s total discounted years for each 
category of age within population of a country. It is also interesting to note that the health stock 
can be monetarized by using the value of an additional year of life, or known as VSL, even 
though the VSL doesn’t have so much influence on the health’s change rates in health capital 
because of its constant assumption. 
In order to calculate this, let π(𝑎) be considered as the proportion of age population a 
and 𝑓(𝑇|𝑇 ≥ 𝑎) be the conditional probability density of fatality at age T given survival to age 
a. The conditional probability density is derived from computing the probability density that 
people will demise at the age of T, f (T) and the corresponding cumulative distribution at the 
age a, F(a) as follows: 
 





This study assumes that 𝛿 is the discount rate of 0.05 for future survival years, and the 
value of any additional year is independent of age. The health stock amount per capita at age 
a, H(a), is as below estimation: 
𝐻(𝑎) = ∑ 𝜋(𝑎)100𝑎=0 {∑ 𝑓(𝑇|𝑇 ≥ 𝑎)
100






Following that, the total health stock amount is acquired by summing it as ∑ 𝐻(𝑎)100𝑎=0  
in the country’s total population. The probability data of fatality at age t, 𝑓(𝑡) by five-year age 
intervals, are acquired from life tables from every country’s estimation of mortality rate and 
global health, especially the data on the number of populations dying between the age x and 
x+n in every complete year since 2000 to 2015 as reported by WHO. The estimated life tables 
are provided by WHO for the years 1990, 1995, 2000, 2005, 2010 and 2015. Linear 
interpolation is used to gain missing values from year 1991–1994, 1996–1999, 2001-2004, 
2006-2009, and 2011-2014. All of these data are derived from WHO’s official website, while 
the population data for every category of age and country are obtained from the data set by the 
UN. This study uses data of the total population (for both genders) by five-year age categories 
for every country for the year 1990 – 2015. Table 3.1 summarizes the data sources utilised to 
calculate health stock in this research.  
 
Table 3.1. Data sources used to calculate the health stock. 
No Data Explanation Sources 
1. Population by 
age 
Data provided by the United Census 
Bureau. We used population data by 
five-year age groups and both sexes 
for each country (140 countries) for 





2. Probability of 
dying by age 
The probability of dying by age also 
refers to the mortality age. We used 
the number of people dying between 
ages x and x+n (ndx) for the years 








Subsequently, the estimation of the future health stock is done by using econometric 
method. In order to forecast health stock, the ARIMA approach is applied as it is common and 
widely used in time series analysis (Cortes et al., 2018; Kane et al., 2014; Lin et al., 2015; 
Villani et al., 2017). Due to the fact that the ARIMA model holds the ability to utilise non-
stationary time-series data, many researchers opt for this model in forecasting variety of health 
as well as medical phenomena (Ibrahim et al., 2016). For example, the ARIMA was used in 
forecasting future monthly occurrence of malaria (2018-2019) in the Kumasi Metropolis 
(Anokye et al., 2018).  
The ARIMA model constitutes popular as much as flexible method of forecasting 
which represents a specific subset of univariate modelling in which a time series is expressed 
as a linear combination of prior values and/or lags in forecast errors (Ozturk & Ozturk, 2018). 
On top of that, the ARIMA model does not imply independent variables. To generate the 
forecast, it uses information from the series due to the fact that the ARIMA model relies on 
autocorrelation patterns within the series (Box & Jenkins, 1976). 
 ARIMA econometric modelling contemplates on historical data and then breaks down 
the data into autoregressive (AR) process including a memory of prior events and an integrated 
(I) process that stabilizes the data stationary, to enable easier forecasting as well as calculation 
of the moving average (MA) of forecast errors. It is done so that the longer the historical data 
is, the more accurate the forecast will become because of learning over time (Kour et al., 2017). 
The normal form of ARIMA model may include autoregressive (p) terms, differencing (d) 
terms and moving average (q) operation which is represented by ARIMA (p, d, q). In this 
research, a non-seasonal ARIMA (p, d, q), is used. The mathematical formula of the ARIMA 




𝑌𝑡 = 𝑐 +  ∅1𝑌𝑡−1+ . . . +∅𝑝𝑌𝑡−𝑝 + 𝜃1𝑒𝑡−1+. . . +𝜃𝑞𝑒𝑡−𝑞 + 𝑒𝑡 
Where 
 𝑌𝑡 = variable explained in time t; 
 c = constant or intercept; 
 ∅ = coefficient of each parameter p; 
 θ = coefficient of each parameter q; and 
 𝑒𝑡 = residuals or errors in time t.  
 
In this study, Box-Jenkins approach were used to analyse ARIMA models. Generally, there 
exist four steps to estimate the ARIMA model. 
 
1. In order to identify the model, the best fitting value of the p, d and q model, which 
denote the number of AR lags, MA lags and differences were selected. To identify 
the best model, the Auto-Correlation Function (ACF) and Partial Auto-Correlation 
Function (PACF). In this study’s case where there are 140 participating countries, 
the best model for each country must be identified. It is summarised in the set of p, 
d, and q in Table 3.2. 
2. Next, after the model has been identified, the estimation stage follows. The ARIMA 
model parameters are estimated. 
3. After that, the third stage is to conduct the diagnostic-checking. In the course of this 
stage, it is important to perform test for autocorrelation. This procedure ascertains 
the whether there is statistical suitability of the model which was chosen during the 
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previous steps. The failure in this procedure means that the process has to be 
repeated from the previous stage. Hence, it is pertinent to note that models that fail 
these procedures are rejected. 
4. By using the ARIMA parameters estimation, future periods are forecasted. In this 
research, the forecast is done from the year 2016 to 2100 by utilising previous data 
estimation from year 1990 to 2015.  
 
Table 3.2. ARIMA model (p, d, q) for each country. 
ARIMA model (p,d,q) Country No. of 
Country 
(2, 1, 0) Afghanistan, Armenia, Estonia, Finland, Gabon, Haiti, 
Jamaica, Lithuania, Saudi Arabia, Slovakia 
10 
(1, 1, 0) Albania, United Arab Emirates, Austria, Cameroon, Costa 
Rica, Czech Republic, Algeria, Guyana, India, Israel, 
Kyrgyzstan, Maldives, Mauritania, Mauritius, New Zealand, 
Panama, Serbia, Sweden, Tanzania 
19 
(0, 1, 1) Argentina, Denmark, Greece, Kenya, Cambodia, Kuwait, 
Laos, Myanmar, Paraguay, El-Salvador 
10 
(0, 1, 0) Australia, Dominican Republic, Fiji, Croatia, Hungary, 
Nigeria, Nicaragua, Papua New Guinea, Poland, Russian 
Federation, Senegal 
12 
(1, 2, 0) Burundi, Belgium, Bangladesh, Brazil, Congo, Egypt, Ghana, 
Gambia, Japan,  Mali, Mozambique, Malawi, Malaysia, Peru, 
Philippines, Portugal,  Tajikistan,  Trinidad and Tobago, 
United States America 
19 
(0, 2, 0) Benin, Bulgaria, Bahrain, Belize, Barbados, Canada, 
Switzerland, Chile, Côte d’Ivoire, Columbia, Germany, 
Spain, France,  Honduras, Ireland, Iran, Liberia, Lesotho, 
Luxembourg, Latvia, Namibia, Niger, Norway, Pakistan, 
Qatar, Rwanda, Slovenia, Swaziland, Syrian Arab Republic, 
Togo, Thailand, Turkey, Uruguay, South Africa, Zambia 
35 
(0, 2, 1) Bolivia, Central African Republic, Ecuador, Guatemala, Iraq, 
Italy, Mexico, Nepal, Tunisia, Ukraine, Zimbabwe 
11 
(0, 2, 2) Botswana, China, Iceland, Republic of Moldova, Sierra 
Leone, Vietnam, Yemen 
7 
(1, 2, 1) Democratic Republic of Congo, Indonesia, Romania, 
Uganda, Jordan 
5 
(3, 3, 0) Cuba 1 
(2, 1, 1) Cyprus, Kazakhstan 2 
(1, 0, 0) United Kingdom 1 
(2, 0, 0) Republic of Korea 1 
(2, 2, 2) Sri Lanka 1 
(2, 2, 1) Latvia 1 
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(1, 1, 1) Malta 1 
(0, 1, 2) Mongolia 1 
(3, 1, 0) Netherlands 1 
(2, 0, 2) Sudan, Singapore 1 
(2, 2, 0) Venezuela 1 
Total Country 140 
 
 





 Box & Pierce (1970) postulated that ARIMA models are suitable for long-term 
forecasting periods. In this study, the measurement of future time series from year 2016 to 2100 
were conducted using R programming language derived from historical data measurement from 
year 1990 to 2015. Figure 3.1 illustrates the steps used to forecast the health stock from year 
2016 to 2100. By utilising the trend component values of the time-series as well as 
demographic data projection derived from dataset of the UN, the global pattern of health stock 
in 140 participating countries can be determined.  
 
3.3 Results 
3.3.1 Heterogeneous Growth of Health Stock (1990–2015) 
 
Figure 3.2. Health-stock growth (1990–2015). 
 
Firstly, an overview of the global health-stock growth measurement taken from year 
1990 to 2015 is presented. From the data taken from year 1990 to 2015, most of the 
participating countries went through increase in health stock. The data of health-stock growth 
from year 1990 to 2015 is shown in Figure 3.2 and Table 3.3. It can be seen that the average 
health-stock growth rate of the 140 participating countries is 1.55% per year during the period 




Table 3.3. Ranking of average health-stock growth in 140 countries between 1990 and 2015. 
Ranking Health-stock Growth Average Ranking Health-stock Growth Average 
1 Qatar 6.89 71 Turkey 1.36 
2 United Arab Emirates 4.86 72 Ireland 1.33 
3 Bahrain 4.01 73 Morocco 1.32 
4 Afghanistan 3.86 74 Myanmar 1.32 
5 Jordan 3.65 75 Viet Nam 1.30 
6 Niger 3.63 76 Peru 1.28 
7 Uganda 3.59 77 Indonesia 1.27 
8 Yemen 3.31 78 Colombia 1.26 
9 Benin 3.29 79 Syrian Arab Republic 1.26 
10 Congo 3.28 80 Brazil 1.23 
11 Zambia 3.19 81 Chile 1.19 
12 Liberia 3.10 82 Australia 1.18 
13 United Republic of 
Tanzania 
3.09 83 Zimbabwe 1.16 
14 Democratic Republic of 
the Congo 
3.09 84 South Africa 1.15 
15 Gambia 3.03 85 Argentina 1.09 
16 Mali 2.99 86 New Zealand 1.09 
17 Rwanda 2.97 87 Iceland 1.05 
18 Mozambique 2.91 88 Tunisia 1.02 
19 Burundi 2.88 89 United States of 
America 
1.01 
20 Malawi 2.84 90 Sri Lanka 1.00 
21 Togo 2.82 91 Jamaica 0.95 
23 Iraq 2.78 92 Kyrgyzstan 0.92 
23 Maldives 2.77 93 Norway 0.92 
24 Kenya 2.76 94 Canada 0.86 
25 Cameroon 2.73 95 Mauritius 0.83 
26 Senegal 2.69 96 Spain 0.80 
27 Nigeria 2.60 97 Switzerland 0.73 
28 Singapore 2.58 98 Fiji 0.72 
29 Mauritania 2.56 99 El Salvador 0.64 
30 Sudan (former) 2.53 100 Thailand 0.61 
31 Gabon 2.51 101 Sweden 0.61 
32 Honduras 2.48 102 Republic of Korea 0.60 
33 Papua New Guinea 2.46 103 Malta 0.54 
34 Israel 2.46 104 United Kingdom 0.54 
35 Kuwait 2.44 105 China 0.52 
36 Côte d'Ivoire 2.41 106 Belgium 0.52 
37 Belize 2.28 107 France 0.51 
38 Central African 
Republic 
2.28 108 Austria 0.48 
39 Cambodia 2.25 109 Netherlands 0.47 
40 Guatemala 2.15 110 Denmark 0.40 
41 Botswana 2.14 111 Portugal 0.37 
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42 Saudi Arabia 2.14 112 Finland 0.36 
43 Lao People's 
Democratic Republic 
2.13 113 Uruguay 0.35 
44 Malaysia 2.12 114 Italy 0.28 
45 Pakistan 2.11 115 Barbados 0.25 
46 Ghana 2.08 116 Kazakhstan 0.20 
47 Haiti 2.00 117 Czech Republic 0.15 
48 Egypt 1.98 118 Greece 0.14 
49 Bolivia 1.97 119 Lesotho 0.13 
50 Namibia 1.95 120 Cuba 0.10 
51 Philippines 1.93 121 Germany 0.07 
52 Nepal 1.92 122 Slovakia 0.06 
53 Cyprus 1.87 123 Poland -0.01 
54 Nicaragua 1.85 124 Slovenia -0.10 
55 Algeria 1.81 125 Japan -0.11 
56 Costa Rica 1.79 126 Hungary -0.19 
57 Paraguay 1.78 127 Guyana -0.29 
58 Tajikistan 1.78 128 Romania -0.30 
59 Swaziland 1.78 129 Russian Federation -0.33 
60 Luxembourg 1.72 130 Trinidad and Tobago -0.35 
61 Ecuador 1.71 131 Albania -0.37 
62 Panama 1.65 132 Croatia -0.44 
63 Venezuela 1.61 133 Serbia -0.47 
64 Sierra Leone 1.49 134 Armenia -0.66 
65 Bangladesh 1.49 135 Ukraine -0.73 
66 India 1.49 136 Estonia -0.89 
67 Dominican Republic 1.48 137 Bulgaria -0.95 
68 Iran 1.43 138 Republic of Moldova -0.97 
69 Mongolia 1.39 139 Lithuania -1.23 
70 Mexico 1.38 140 Latvia -1.28 
Mean 1.55 
 
Figure 3.3 demonstrates the accumulated average health-stock growth in these six 
regions: Africa, Asia, Europe, Latin America as well as the Caribbean, North America, and 
Oceania. As shown in Figure 3.3, Africa has significant cumulative growth, especially from 
the year 1996, which is followed by Asia, Oceania, and Latin America as well as the Caribbean. 
It is also noted that North America and Europe have the lowest cumulative growth. In year 
1992, Asia showed the most in average health stock growth, but it drastically deteriorates in 
year 1993 until 2015. The reason behind this is apparently due to the sudden decline in Asia’s 
fertility rates. As at current, the fertility rates in Asia is reported to be around the range of 4.5 
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to 2.1 children per woman, with several countries from Asia have the lowest birth rates 
compared to other countries in the world. As an example, in Korea, the fertility rates are found 
to be declined since the last 50 years, whereby on average, two parents from current generation 
only have one child in the next generation. To date, Korea is one of the countries with lowest 
fertility rates in the Organization for Economic Co-operation and Development (OECD) 
countries (Mun et al., 2016). In the year 1990, nine of ten Asians lived in countries in where 
fertility rates had decreased by at least 25%, of which the reason behind all these is reported to 
be the usage of contraception (Freedman, 1995). Among others, previous research found that 
the decline was caused by delay in marriage which leads to very low fertility (Jones, 2007). 
Studies also discovered that in the last few decades, some countries in East Asia have fall in 
the same low-fertility category as European countries. Japan, Taiwan, Singapore, Hong Kong, 
and South Korea are among the extremely low-fertility countries in the world. In fact, China 
has reached lower fertility levels than those of European countries (Tu, 2017). 
 
 





























Figure 3.4. Average health-stock growth by country income (1993–2015). 
 
 Figure 3.4 exhibits that beginning 1995, LICs have shown the maximum health-stock 
growth, while at the same time, high-income countries (HICs) have demonstrated the lowest 
growth. Further to that, majority of LICs also displayed the greatest growth at the time of the 
study period because of advancement in health and population issues. Notably, health 
improvements have occurred globally since the last century, especially the latter half. 
Nonetheless, regardless of the overall improvement, it is also noted that developing countries 
received unequal benefit from the health gains discussed above. It is also pertinent to note that 
the countries still exhibit high mortality rates; to the point that in certain parts of the world, 
infectious and parasitic disease are still major issues that need to be taken care of (Muda et al., 
2015). Other than that, inequality in health and income are still prevalent among the countries. 
It is also rather obvious that while HICs enjoy the advantages such as life expectancy at birth, 
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middle income countries (LMICs) still struggle with heart disease, cancer, HIV/AIDS and other 
chronic diseases. The risks also escalate with ageing, urbanization, as well as the globalization 
in risk factors (Beaglehole et al., 2008). In LMICs, for instance Sri Lanka, the accessibility of 
utility weights is considered significant due to the fact that those countries need better 
efficiency in the allocation of health care resource because of their scarce resources as well as 
burden in various diseases (Kularatna et al., 2013).   
As shown in Figure 3.4, although LICs demonstrated the maximum average growth in 
health stock as well as life expectancy age at birth, in the aspect of GDP, the LICs are still the 
lowest. The upper-middle-income countries (UMICs) demonstrated the highest increases in 
average GDP per capita as well as general life expectancy at birth worldwide. Life expectancy 
at birth has somewhat increased steadily globally since the last few decades based on the 
advancements in medicine, technology,  and international support (Mondal & Shitan, 2013). 
To date, life expectancy is higher compared to previous years with the modal lengths of life in 
low-mortality regions to reach 91 years for woman while for man, the age of 86 years. In the 
global scale, LMICs have large decrease in mortality at younger age, whereas in HICs, the 
gains in life expectancy are mainly because of the declining trends in fatality rates among the 
elderly. With the increasing life expectancy worldwide, it is important for practitioners and 
policy-makers to build knowledge on how older peoples’ perspective of their own ageing based 
on their health-related issues and how it affects their life quality (Low, Molzahn, & 
Schopflocher, 2013). Moreover, life expectancy’s improvement will most likely give impact 
on health expenditure growth, and vice versa (Linden & Ray, 2017). The decline in fertility 





3.3.2 Global Health-Stock Forecasting (2016–2100) 
 The previous measurement of health-stock values between years 1990 to 2015 projects 
the health-stock growth from year 2016 to 2100 as shown in Figure 3.5 and Table 3.4. Majority 
of the countries in this study encountered health stock gain from year 1990 to 2100. The 
average health-stock growth rate across the 140 participating countries is reported at 0.8% per 
year at the time of the sampled period. As depicted in Figure 3.5, 121 countries which represent 
86.4% of the study sample, showed positive health-stock growth. Table 3.4 illustrates the 
magnitude of health-stock growth in those 140 participating countries from year 1990 to 2100 
in descending order. 
 
Figure 3.5. Average health-stock growth in 140 countries (1990–2100). 
 
















1 Peru 2.65 48 Mexico 1.23 95 Switzerland 0.59 
2 Turkey 2.12 49 Belize 1.21 96 Slovenia 0.58 




1.21 97 Estonia 0.56 






5 Sri Lanka 2.04 52 
United Arab 
Emirates 
1.20 99 Swaziland 0.50 
6 Uruguay 1.96 53 
Syrian Arab 
Republic 
1.20 100 Ukraine 0.49 
7 Zambia 1.93 54 
New 
Zealand 
1.19 101 Niger 0.43 
8 Burundi 1.88 55 Guyana 1.18 102 Fiji 0.43 
9 Ireland 1.88 56 Lesotho 1.16 103 Mauritania 0.39 
10 Luxembourg 1.87 57 Qatar 1.16 104 Philippines 0.39 
11 Afghanistan 1.87 58 Cyprus 1.15 105 Denmark 0.33 
12 Botswana 1.86 59 Slovakia 1.13 106 Finland 0.33 
13 Bahrain 1.86 60 Singapore 1.10 107 Panama 0.31 
14 South Africa 1.81 61 Algeria 1.07 108 Latvia 0.31 




16 Germany 1.77 63 India 1.02 110 Egypt 0.26 
17 Jamaica 1.76 64 Viet Nam 1.00 111 Togo 0.26 
18 Rwanda 1.76 65 Hungary 0.99 112 Iceland 0.24 






20 Namibia 1.75 67 
Dominican 
Republic 
0.98 114 Austria 0.20 





D.R. of the 
Congo 
1.70 69 Malawi 0.96 116 Benin 0.13 
23 Romania 1.66 70 Tunisia 0.96 117 Jordan 0.12 
24 Kuwait 1.64 71 
Iran (Islamic 
Republic of) 
0.95 118 Cuba 0.02 












28 Paraguay 1.57 75 Cameroon 0.88 122 Gambia -0.02 
29 Japan 1.55 76 Belgium 0.87 123 Albania -0.04 
30 Morocco 1.53 77 Australia 0.83 124 Portugal -0.08 
31 France 1.53 78 Nepal 0.81 125 Senegal -0.12 
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32 Colombia 1.50 79 Mali 0.79 126 Costa Rica -0.14 
33 Kazakhstan 1.50 80 Argentina 0.78 127 Pakistan -0.15 
34 Lithuania 1.48 81 Mauritius 0.78 128 Croatia -0.21 
35 Ecuador 1.47 82 Indonesia 0.77 129 Guatemala -0.31 




1.45 84 Yemen 0.75 131 Italy -0.36 




39 Liberia 1.39 86 
Trinidad and 
Tobago 
0.73 133 Armenia -0.72 
40 Netherlands 1.38 87 Kenya 0.70 134 Spain -0.83 
41 Iraq 1.36 88 China 0.69 135 Barbados -0.94 





43 Honduras 1.34 90 Israel 0.68 137 Cambodia -1.25 
44 Greece 1.29 91 
United 
States 
0.67 138 Tajikistan -1.41 













1.25 94 Sweden 0.60 Average 0.8 
 
 Figure 3.6 demonstrates the historical (1990–2015) and forecasted growth in health 
stock from year 1990 to 2100 by region. As shown in Figure 3.6, beginning 2000, the Oceania 
region had the highest health stock growth followed by North America, Latin America, and the 
Caribbean. Africa somehow showed the lowest health-stock growth between the year 1990 and 
2100. It is also projected that the growth in health-stock in all regions will decline, especially 
in Africa in year 2030 and Asia in year 2080. Among the factors affecting the decrease in health 
stock are; decline in fertility and population ageing. These effects happen due to the fact that 
most countries in Asia, Latin America and the Caribbean are reported to experience an 
accelerated fertility decrease of more than one birth per five-year time period (Gerland, 
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Biddlecom, & Kantorová, 2017). Some Asian countries like Japan, Taiwan, Singapore, Hong 
Kong, and South Korea show the ultra-low-fertility countries globally, where country like 
China has already reached lower level of fertility compared to many European countries (Tu, 
2017). Notwithstanding, Asia, especially the Pacific OECD, is expected to reduce in population 
size as well as facing issues on extreme population ageing. The population of 60 years old and 
older in those countries (Japan has the greatest weight) is projected to reach 50% from the total 
population. It is also noted that China region will be experiencing more rapid ageing, where 
their proportion of the population of 60 years old and older is projected to increase by a factor 
of four from 10% in 2000 to 39% in year 2100 (Lutz, Scherbow, & Sanderson, 2003).  
 
Figure 3.6. Historical and forecasted health-stock growth by region (1990–2100). 
 
Then, the population as well as total fertility growth in every country is compared 
according to the income group. As depicted in Figure 3.7, beginning 2000, LICs have the 
highest growth in health-stock, followed by LMICs. Even though LICs demonstrate the highest 







































during the period of the study. Majority of the income groups demonstrate the decreasing 
fertility. HICs show the lowest health-stock growth from year 1990 to 2100. The health-stock 
growth on all of the continents is projected to decrease, especially in LICs, which will show 
sudden decrease in year 2030 and 2080. By estimation, the health-stock decrease that will 
happen in 2030 and 2080 in LICs is about 0.8% and 0.7%, respectively. UMICs as well as 
HICs will show a gradual decline in the growth of the health-stock in average of 1.04% and 
0.76% per year, respectively.  
 
Figure 3.7. Health-stock growth by income region (1990–2100). 
 
Based on the demographic data set from the UN, demographic factors that contribute 
to health stock forecasted values from year 1990 to 2100 are analysed. Figure 3.8 shows the 
average health stock, population and fertility growth from year 1990 to 2100 according to 
income groups. In this research, at the time of the sampling years between 1990 and 2015, LICs 
shown the highest mean growth in health scores, whereas HICs had the lowest mean growth. 
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forecasted health-stock growth, which is followed by HICs and LICs since the majority of the 
UMICs, especially in the Middle East and North Africa (MENA) are anticipated to reach the 
peak in youth population of around 94 million in year 2030. The total of youth by the 15 to 24 
years in Iraq is forecasted to double in the next 30 years (Assaad & Roudi-Fahimi, 2007). The 
‘youth bulge’ situation in the MENA region comes with its own opportunities and challenges 
for development. As an example, with the population of two-thirds is in the range of 15 and 29 
years old, the MENA region possesses one of the hugest youth groups worldwide. High fertility 
rates indicate that a lot more will be joining this cohort in the next two decades (Harper, 2017). 
Even though from the positive point of view, this shift implies a great economic opportunity in 
the region whereby the youth bulge will turn into a demographic dividend, the amount of youth 
in that region can also impose burden on their economy, because the countries have to provide 
more health care services apart from the need for the government to ensure more job 
opportunities (Chaaban, 2009).  
 
Figure 3.8. Health-stock, population and fertility growth by income region (1990–2100). 
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Not only fertility rate, but other factors such as population ageing, working-age and youth 
populations, as well as immigration also contribute to health-stock growth. For example, when 
compared to LICs and LMICs, UMICs and HICs demonstrate greater progress even though 
their fertility and population growth are small in health stock.  
 
3.4 Discussion 
In this research, quantitative evaluation of health capital is presented based on health 
stock measurements since year 1990 to 2015. Time-series forecasting in the global health stock 
in 140 participating countries from year 2016 to 2100 is also presented. It is interesting to note 
that significant differences in health stock values in all 140 participating countries is identified 
based on fertility, population, life expectancy, mortality, working-age population, stability or 
instability of the said country, as well as the balance of immigration and emigration. The 
observation of country-level results from year 1990 to 2015, for instance; Qatar and the UAE 
had the highest average health stock growth because of their incoming migrants. Also, 
population ageing and decrease in fertility and population challenge the societies and countries’ 
wellbeing, especially in the HICs, can be addressed. In the sampling period from year 1990 
and 2015, LICs demonstrated the highest mean growth in health scores, whereas HICs 
indicated the lowest mean growth based on health and population increment, especially in LICs. 
Notwithstanding, from year 1990 to 2100, on average the UMICs are forecasted to show the 
highest average health stock growth due to the fact that most UMICs, especially in the MENA 
are anticipated to reach the peak of youth population in 2030.  
 Time-series model are also applied in order to forecast the global health stock since 
year 2016 to 2100 by using historical health stock data measurement from year 1990 to 2015. 
The trends in the values being forecasted from year 1990 to 2100 discovered that majority of 
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the countries have exhibited increases in health stock, especially the UMICs. When compared 
to LICs and LMICs, it is found that the fertility growths and population in UMICs and HICs 
are shown to be the smallest. Nonetheless, in the aspect of health stock, the latter countries 
show better progress. Other than the fertility rate, population ageing as well as the working-
age and youth populations, and immigration factors may contribute to health stock growth. 
Majority of the countries in this study have shown health stock gains from the period of 1990 
to 2100. On average, the health-stock growth rate in the 140 participating countries was 
reported as 0.8% annually at the time of the sampled period.  
 
3.5 Conclusions 
This study verified that the national health stock measurement by using the capital 
approach has the ability to reveal heterogeneous stock allocations globally. The indicator also 
exhibited that from the participating 140 countries, 121 countries are noted as sustainable in 
the aspect of human health, because the results show that increase in health capital stock is 
positive signal in terms of sustainability. The study findings support the use of health stock 
















 Health stock is a term first introduced by Michael Grossman in the health economics 
literature (Gaskin et al., 2004; Hartwig & Sturm, 2018). The Grossman model was commonly 
used to describe how health was produced and viewed as a durable capital stock that produced 
a healthy time output; thus, each individual was considered a producer as well as a health 
consumer. In the absence of “investment” in health, health is treated as a stock that degrades 
over time (Husain, Dutta, & Chowdhary, 2014; Tam et al., 2017). The model also indicated 
that individuals inherit an initial stock of health capital that can depreciate with age or increased 
by investment (Grossman, 2000; Ravesteijn et al., 2018; Urtasun & Nuñez, 2018). In 
Grossman’s framework, an individual is assumed to inherit an initial stock of health. 
Nevertheless, this stock’s accumulation depends on the history of past resources, behavior and 
consumption. Therefore, over time, health stock can increase, decrease, or remain constant. 
Health stocks, for example, may decrease with age and can be increased by investing in one’s 
health, like purchasing preventive or curative medical care (Ravesteijn et al., 2018). 
 Health is both a recipient and a prerequisite in achieving SDGs (Nunes, Lee, & 
O’Riordan, 2016; Rasanathan et al., 2017). Health stock is considered an important component 
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of global sustainable development that should be consistently included in the evaluations of 
other capital, especially human capital as a stock-based sustainability index. This can calculate 
national wealth and sustainability effectively. Furthermore, increase in health stocks shows a 
positive sign for sustainability (Jumbri, Ikeda, & Managi, 2018).  The Inclusive Wealth Index 
(IWI) has therefore been implemented as a new sustainability and well-being metric. IWI has 
certainly stood out as one of the most promising new measurements of health and well-being 
in recent years (Roman & Thiry, 2016). At the very least in the IWI framework, sustainability 
requires the simultaneous preservation of produced capital related to manufacturing assets such 
as roads and machinery, as well as natural capital involving forest and fossil fuels and human 
capital including education and health (Balasubramanian, 2018). A framework developed by 
Arrow et al. (2012) can be used to calculate health accounting as a capital stock. The sum of 
health stocks in a country’s population can be determined by the maximum discounted years 
of life expectancy. It suggests that health stocks need to be evaluated to assess patterns in global 
health inequalities. Since health stock is a vital resource for human well-being, represented by 
national wealth indicators, health inequality would be a sign of the unsustainable economy. 
Several studies have highlighted the importance of accounting for health capital to achieve 
sustainability and well-being. For instance, studies by Arrow et al., (2012, 2013) and UNU-
IHDP and UNEP (2012, 2014) highlighted the importance of health stock as a vital component 
of global sustainable development that should be consistently included as a stock-based to 
measure national wealth and sustainability. In addition, study in Japan showed that health 
capital has a major impact on local sustainability (Ikeda et al., 2017). On the other hand, 
inequality in health stock and its relationship to national wealth must be studied further, 
especially in order to achieve SDG 3 of the SDGs, which focuses on healthy lives and well-
being.  Furthermore, the efforts to measure related national wealth economic indexes for policy 
makers could be reduced when the health stock showed a sign of unsustainable economy. 
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 In addition, unhealthy environmental factors were also a threat to human health 
(Alvarenga et al., 2019; Dover & Belon, 2019; McCollum et al., 2017). These factors can be 
broken down into traditional and modern hazards. “Traditional hazards” are related to 
deprivation, insufficient development and services, such as lack of availability to safe drinking 
water, poor basic sanitation, air pollution, and weak system of solid waste disposal, natural 
disasters, and the presence of unregulated disease vectors in agricultural land. While, “modern 
hazards” are correlated with unsustainable production. These hazards are linked with the lack 
of health services, poor environmental management, and inefficient consumption of natural 
capital (World Health Organization, 2018a). So, IWI (human data, produced and natural 
capital) was included in addition to the National Wealth Indicator (GDP) to measure the 
relationship between health stock and national wealth. This is because IWI is based on the 
theory of social welfare, which tackles many issues relating to sustainable development 
(Duraiappah & Muñoz, 2012). Wealth is one aspect of the IWI framework that measures the 
value of assets or capital owned by the individuals, the community, company or the country. 
 The IWI framework has addressed a number of key issues. First, the environmental and 
natural ecosystem in wealth accounting is important (Managi & Kumar, 2018). A nation must 
therefore preserve sustainable welfare over time by including natural capital in the capital stock 
or wealth measurement. The second issue addressed is global responsibility and the effect of 
individuals on sustainable development throughout the world (Duraiappah & Muñoz, 2012). 
IWI is described in this study as the amount of the capital stock of a country (including 
produced, human and natural capital). Following this, the related economic theory notes that if 
this sum-value does not decline through time Collins et al. (2017); Kurniawan & Managi, 
(2018) and each capital is measured based on its shadow price using studies based on IWI as 
the measurement to evaluate sustainability development and wealth in global, country and 
region settings (Ikeda et al., 2017; UNU-IHDP and UNEP, 2012, 2014). Therefore, based on 
76 
 
studies using IWI to measure the relationship between health stock and socio-economic status 
(SES) and GDP provides a more comprehensive picture of inequality in contemporary societies 
worldwide (UNU-IHDP and UNEP, 2014a).    
 In this study, as the proxy for a firm’s or country’s sustainability and to identify the 
effects of health stock from the view of accounting, firm-level data were used including the net 
income of 136 countries that had existed for more than 100 years and have achieved 
sustainability. The use of firm-level data leads to the overcoming of aggregate data limitations 
and to prevent macroeconomic differences or changes (Brown, Jappelli, & Pagano, 2009; 
Crescenzi & Gagliardi, 2018).  
 To date, several studies have measured health inequality among different countries, 
taking factors such as SES or national wealth into account. For example, a study done Palafox 
et al. (2016) assessed trends of wealth-related health inequality in 21 countries in terms of 
hypertension recognition, care and control. On the other hand, a study Houweling, Kunst, & 
Mackenbach (2003) assessed maternal and child health inequality in 43 countries and examined 
SES inequalities. Nonetheless, there are limited studies available on health stock and its 
relationship with national wealth (GDP and IWI) and net income on the firm-level analysis. 
Understanding the relationship between health, national wealth and firm-level analysis has 
important implications for policy and encourages sustainable development. This is because 
health and economic gains are closely linked. Education, on the other hand, is both a 
beneficiary and a precaution for sustainable development. A better understanding of health 
stock and its inequalities can help shape policies to address inequality in SDG 3 and SDG 10. 
To fill the gap between previous research and the above-mentioned studies, this study aims to 
calculate health stock inequality in relation to national wealth (both GDP and IWI) and net 
income based on the firm-level income. Looking beyond GDP and adopting IWI through 
monitoring the evolution of stocks of produced capital, natural capital and human capital over 
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time will help policymakers in their sustainable development decisions. This study therefore 
leads to the creation of health-related sustainability criteria. 
 The rest of the chapter is arranged as follows. The following section describes the 
methodology and data set used to model health stocks and to measure health inequalities in 
health stocks using the Gini coefficient. The final section summarizes and addresses the 
consequences of this study on how to reach the SDGs. 
 
4.2 Methods 
 Before proceed to measure inequalities in health, the researcher explain the reason why 
use the method proposed by Arrow et al. (2012) to calculate the amount of health stocks for 
140 countries between 1990 and 2015. Unlike widely used indicators, such as the Body Mass 
Index, life expectancy at birth, this indicator is backed by comprehensive economic theory to 
reflect the capital form of human health that is monetarized indicators. In addition, the 
monetarization mechanism helps us to compare with other forms of capital such as 
manufactured capital, natural capital, and GDP. The amount of health stocks can be calculated 
using this method by multiplying the value of the total discounted years of life expectancy for 
each age group in the population of country. Note that we can use the value of an additional 
year of life, the value of statistical life (VSL) as a basement of the shadow price for monetizing 
the health stock, although the shadow price is assumed to be constant for each country during 
our estimated period. We explain this application briefly because we used the calculated health 
stock data and more detailed descriptions available at (Jumbri et al., 2018).  
 In this section, the explanation of how to calculate the amount of health stock is showed. 
We describe π(𝑎) be the proportion of people of age a, conditional probability density, f (T), 
resulted from computing the probability density that people will die at age T, and the 
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corresponding cumulative distribution at age a, F(a). The conditional probability density of 
death at age T, given survival to a, 𝑓(𝑇|𝑇 ≥ 𝑎) can be represented as follows: 
 





 We assume that 𝛿 is a constant discount rate for future survival years and the value of 
additional survival years is not correlated with age. Then the amount of health capital stock per 
capita at age a, H (a), can be calculated as follows: 
 
𝐻(𝑎) = ∑ 𝜋(𝑎)
100
𝑎=0
{∑ 𝑓(𝑇|𝑇 ≥ 𝑎)
100
𝑇=𝑎





 Subsequently, the total amount of health stock can be calculated by sum it up as 
∑ 𝐻(𝑎)100𝑎=0  in the total population of a country. The data of the probability of death at age t, 
𝑓(𝑡) by five-year age intervals, are obtained from the life tables which include number of 
people dying between ages x and x + n in each year from 2000 to 2015. The data for the year 
1990, 1995, 2000, 2005, 2010 and 2015, were available from country-level life tables database 
of WHO (http://apps.who.int/gho/data/node.imr.LIFE_0000000032?lang=en). We impute 
missing data on the probability of death by linear interpolation for each age group in 1990 –
1994, 1996 – 1999, 2001 – 2004, 2006 – 2009, and 2011 – 2015. Then, the rest of data we 
needed isπ(𝑎). We used of the total population (both sexes combined) by five-year age groups 
for each country for the year 1990 to 2015. The data can be available from United Census 
Bureau (https://www.census.gov/population/international/data/idb/region.php).  
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 Next, the Gini coefficient used to calculate global and regional health inequalities in 
health stocks. The Gini coefficient or absolute Gini index is defined as double the area between 
the Lorenz curve and the diagonal line, multiplied by the mean value of the interest variable 
(Skaftun et al., 2018). In this study, we calculated the Gini coefficient of health stock based on 
Lorenz curve that has been applied by Le Grand (1987). For each year, the Gini coefficient was 
calculated based on each country ranked from the worst to the best of the factor and weighted 
by the size of the country’s population. According to Gini (2005), the Gini coefficient ranges 
from 1 to 0 which 0 represents perfect equality and 1 represents perfect inequality using  the 
following formula: 
 
𝐺 = 2 ∑ 𝜇𝑡
𝑇
𝑡−1
 ×  𝑓𝑡  ×  𝑅𝑡 − 𝜇, 
  
 where G is the Gini coefficient, µ is the mean value of the variable, T is the number of 
countries (140 countries), µt  is the value of the variable (health stock) in the t
th country, ft is the 
population share of the country, and Rt is the relative rank of the t
th country ranked from lowest 
to highest level of health stock. 
 For the analysis of inequality and national wealth, we explain data sources and some 
details. The online open database of GDP, working-age population, mortality rate, fertility rate, 
life expectancy and population available to the public was retrieved from the World Bank 
(https://data.worldbank.org). Inclusive wealth data (1990-2014) were used from Managi & 
Kumar (2018).  Net income from firm-level data has existed for more than 100 years and has 
already reached longevity from HE were used to evaluate health stock patterns. However, due 
to data limitations, only 43 out 136 countries were used for analysis between 1990 and 2010 as 
a proxy for the sustainability of the firm. Finally, the correlation coefficient of Pearson was 
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used to measure the relationship between health stock growth and national wealth (GDP, IWI 
and net income at the firm level). 
 
4.3 Results 
4.3.1 Global Health Stock Inequality (1990-2015) 
 From 1990 to 2015, the overall trend in health inequalities reduced globally, as shown 
in Figure 4.1. The increase in global life expectancy helped to reduce gaps in global health 
(Strømme & Norheim, 2017). In contrast, the rise in life expectancy at birth has gradually 
increased over time (Belon & Barros, 2011).  Often, contributing to the decline in global health 
inequality are social factors such as economic growth, technology, reduced inequality, 
knowledge and investment in public health and health systems (Norheim & Asada, 2009). 
  
 






























 Nonetheless, the average Gini coefficient (0.846) reveals that there is still relatively 
wide inequality in global health stocks (Figure 4.1). This is because, although there have been 
tremendous improvements in health last century, particularly in the last half (1950s to 2000s), 
developing countries have benefited unequally. Many countries tend to have high mortality 
rates, while some countries suffer from the effects of ill health, including infectious diseases 
and parasites (Muda et al., 2015). Therefore, while the health conditions of a population have 
generally shown a positive trend globally, there are still health inequalities, particularly in poor 
and developing countries. In many cases, differences within the same country have increased 
between countries or regions and social or ethnic groups. For example, nearly 104 million 
children worldwide were estimated to have been underweight in 2010, and most of them (65 
million children) lived in Sub-Saharan Africa (SSA) and South Asia (Nigatu et al., 2018). 
These results are also consistent with a study by the Global Burden of Diseases, Injuries, and 
Risk Factor Study (GBD) 2015 Healthcare Access and Quality Collaborators (2017).  In that 
study, based on the Healthcare Access and Quality Index (HAQ Index), almost all countries 
and territories experienced and improvement in their HAQ index values, however, the 
difference between the highest and the lowest observed HAQ index in 2015 was greater than 
in 1990 (GBD 2015 Healthcare Access and Quality Collaborators, 2017).  
 
4.3.2 Regional and Income Group 
 Table 4.1 lists the changes in the Gini coefficient by region. All countries are grouped 
into six regions: Africa, Asia, Europe, Latin America and the Caribbean (LAC), North America 
and Oceania. Over 25-year period, the average Gini coefficient in 140 countries was 0.846. 
Europe was the area with the highest Gini average over the sample period and the Gini 
coefficient was 0.849. This shows that European countries are facing health inequalities in their 
populations. At the beginning of the 21st century, all European countries faced significant 
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health inequalities among their population (Mackenbach, 2006). Therefore, under Health 2020, 
the 21st century European health policy structure and plan aims at improving health for all and 
increasing health inequalities by improving health leadership and governance (World Health 
Organization, 2013). 
 











Global 140 0.853 0.846 -0.007 0.846 
High-Income Countries 
(HICs) 
42 0.781 0.769 -0.012 0.776 
Upper Middle Income 
Countries (UMICs) 
35 0.871 0.863 -0.008 0.866 
Lower Middle Income 
Countries (LMICs) 
37 0.871 0.866 -0.005 0.841 
Low Income Countries 
(LICs) 
26 0.692 0.660 -0.032 0.675 
Africa 37 0.859 0.834 -0.025 0.846 
Asian 37 0.782 0.762 -0.020 0.772 
Europe 35 0.848 0.851 0.003 0.849 
Latin America and 
Caribbean (LAC) 
25 0.565 0.593 0.028 0.567 
North America 2 0.054 0.031 -0.023 0.043 
Oceania 4 0.739 0.766 0.027 0.749 
 
 Table 4.1 above also indicates that from 1990 to 2015, the LAC recorded the highest 
percentage rise in the Gini coefficient by 2.8%. Based on the analysis (see Table 4.2), the 
working-age population of the LAC was the second largest (72.4% increase) after Africa 
(100% increase) from 1990 to 2014, which may be one of the factors contributing to the highest 
percentage rise in the Gini coefficient. In addition, the LAC region has three different country 
profiles (Salazar & Jenkins, 2018). The population of the first group of countries, including 
countries like Bolivia, Guatemala, Haiti and Honduras, were considered young at the initial 
stage of the demographic and epidemiological change. The second group of countries, 
including Brazil, Colombia, Peru and the Dominican Republic, were at an intermediate level 
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of change, with a decrease in the overall fertility rate and death rate, but still a large proportion 
of the young population. The third group of countries comprised wealthier, demographically 
advanced societies with fertility rates below replacement levels, such as Cuba, Uruguay and 
Costa Rica. Overall, most LACs had a large proportion of young people contributing to the 
working-age population during the survey period (age 15-64). 
 

















Worldwide 30.6 120.9 61.1 50.1 -62.1 -35.5 8.4 27.6 
Africa 84.2 192.3 36 100 -45.9 -23.3 8.9 92.3 
Asia 62.4 273.6 73.5 67.9 -67.0 -44.7 8.4 60.8 






53.1 199.1 102.6 72.4 -60.3 -32.7 8.7 51.7 
Northern 
America 
26.7 78.2 46.1 28.9 -35.8 -11.9 5.2 26.1 
Oceania 55.3 96.3 24.5 66 -26.7 -19.6 7.3 59.8 
 
  
Generally, inequalities have fallen in most income groups. Figure 4.2 shows that the 
Gini health stock coefficient declined rapidly from 1990 to 20105, especially for LICs, and 
slowly declined in low-middle income (LMICs) and high-middle income (UMICs) countries. 
The LICs Gini coefficient showed a steady decline from 0.69 in 1990 to 0.66 in 2015. From 
the analysis (see Figure 4.3), the working-age population (108.6% increase) and life expectancy 
at birth (19.2% increase) in LICs were the contributing factors to the inequality decline. LICs, 
especially for SSA, has the highest growth of youth population in the world (nearly 20% of the 
SSA total population) and the highest proportion of youth in the working-age population 
(United Nations Population Fund (UNFPA), 2012). SSA alone was expected to account for 
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almost two-thirds of the world’s working-age population growth in 2015 to 2050 (Samman & 
Watkins, 2017).     
 
 
Figure 4. 2. Gini coefficient categorized by income groups (1990 – 2015). 
 
 Even though the fertility trend has shown that SSA has experienced an extremely slow 
decline in fertility compared to other parts of the world. But, SSA fertility rates remain high, 
leading to high dependence on youth (Atake & Gnakou Ali, 2019; Shapiro & Hinde, 2017). 
With more than one third of the total population between 10 and 24 years of age, this large 
number of young people is an opportunity to stimulate economic growth and reduce poverty. 
SSA could also benefit from a large demographic dividend if SSA made the right investments 
in the present and future generations. Furthermore, LICs made the greatest gain in the World 
Health Statistics 2014, with an overall increase in life expectancy between 1990 and 2012 of 9 




























Figure 4. 3. Median percentage growth by regions and income groups (1990 – 2014). 
  
4.3.3 Association among Inequality and Other Statics 
 The relationship between growth of health stocks and other national wealth statistics 
was also measured in this study. Referring to Table 4.3 and Figure 4.4, a positive relationship 
with GDP and IWI was also seen in most countries with positive health stock growth. This 
indicates the growing health stock of the country that influences GDP and IWI growth. 
Previous studies found that the improvement in health was related to the increase in national 
wealth. For example, the world has seen impressive improvements in wealth and health, with 
real worldwide GDP per capita rising by 180% from 1970 to 2007, accompanied by a 50% 
drop in infant mortality index (Chen, Clarke, & Roy, 2014). On the other hand, economic 
growth affects the expectation of the relationship between the wealth and health of a country, 









































High-Income Countries (HICs) Upper Middle-Income Countries (UMICs)
Lower Middle-Income Countries (LMICs) Low Income Countries (LICs)
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also contributed to a strong positive relationship with GDP and IWI or vice versa, based on the 
results of this study. 
 While some countries’ GDP resulted in a strong relationship with health stocks, some 
countries indicated a negative relationship as part of IWI between health stock growth and 
natural capital (Figure 4.5). The negative relationship is a sign of instability. Sustainable 
development requires not only the preservation of GDP, but also IWI, as it is a collective set 
of human, produced and natural capital assets. A rise in IWI indicates an improved economic 
base that will promote a higher living standard synced with sustainable development in the 
future, whereas a decrease indicates growth instability (Polasky et al., 2015). In addition, 
economists and social science researchers have recognized the problems of using GDP as a 
single measure of well-being or economic welfare. Since the early 1970s, alternative measures 
for policy-making have been developed and promoted (Bleys, 2012). Therefore, as a 
complementary measure in calculating SES and sustainable development, IWI has been used 
in this study. 
 
Table 4.3. Summary of Pearson correlation between health stock with GDP, IWI, Produce 
Capital (PC), Human Capital (HC), Natural Capital (NC), life expectancy, fertility rate, 
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-.417* -.570** -.803** 0.294372
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.935** .997** .985** 
**. Correlation is significant at the 0.01 level (2-tailed). 
*. Correlation is significant at the 0.05 level (2-tailed). 
 
 Eight countries (Rwanda, Mozambique, Côte d'Ivoire, the Philippines, New Zealand, 
El Salvador, France, and Cuba) have shown a positive relationship between health stock and 
natural capital in this study (see Table 4.3). 12 countries (Poland, Slovenia, Japan, Hungary, 
Guyana, Romania, the Russian Federation, Albania, Estonia, Bulgaria, Lithuania, and Latvia) 
suggested that both components of their national wealth (GDP and IWI) have a negative 
relationship. This suggests that a country’s decline in health stock has affected its national 
wealth (GDP and IWI). It is therefore proposed that the government consider the added value 
of using health stocks as stock-based sustainability and IWI as complementary to GDP and as 
an important tool for measuring progress towards sustainable development. This helps 
countries to develop a comprehensive strategy and policy that can boost their development, 














 Countries with more health stocks, on the other hand, had a strong positive relationship 
with the working-age population (see Figure 4.6). The rise of working-age population has 
therefore had a favorable effect on health stocks and vice versa. Moreover, several studies have 
shown that a change in the number of working-age people can have a significant impact on 
economic growth. For example, the aging population in countries like Japan shows that a 
relatively smaller cohort of the working-age population will slow Japan’s economic growth 
unless productivity and per capita output rise substantially (Peterson, 2017). In East Asia, the 
change in age structure resulted in a nearly 10-fold rise in the working-age population between 
1965 and 1990 as a result of a rapid economic growth. Such countries have effectively changed 
their age systems to increase their economic productivity, known as the demographic dividend 
(Kang & Magoncia, 2017). In 1990. 67% of East Asia’s population consisted of the working-
age population. With an increase in the share of working-age, countries will benefit from the 
proportional increase in the pool of potential workers in the economy, thus increase the per 
capita income (Bloom, Canning, & Malaney, 2000).  
 




 Based on the firm-level analysis (Figure 4.7), we found that the net income median 
growth trend was not influenced by the health stock growth median from 1990 to 2010. For 
example, in 1996 and 2002, although the median net income of the firm saw increases of 1.16% 
and 1.22% respectively. Nonetheless, health stock median, GDP and IWI did not show any 
obvious changes at that time, although the fall in the Log Net Income line in 1999 was due to 
temporary global economic crises triggered by Asian and Russian currency crises. 
 
 




 In this study, the researchers presented stock-based health capital and the Gini 
coefficient for measuring health inequality. From 1990 to 2015, we presented global health 
inequalities in 140 countries. To add, we also evaluate health stock inequality in relation to 
national wealth (GDP and IWI) and net income measurement at firm level. Based on our 
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Gini coefficient shows that global health inequalities are still relatively wide. This result shows 
that health stock from the capital approach and the Gini coefficient can be used to reveal health 
inequality. Median health stocks rose by 30%, and between 1990 and 2015, 122 out of 140 
countries accounted for 86.4% of our sample. The findings also showed a strong positive 
relationship between health stock and GDP and IWI. Some countries, however, showed a 
negative relationship between health stock and natural resources, which is part of the IWI, 
although these countries’ GDP has created a strong positive relationship with health stocks. 
The negative relationship with natural capital is an indication of instability. This is because 
sustainable development involves not only the maintenance of GDP, but also IWI, because it 
is a collective set of human, produced and natural capital assets. Such results help health stock 
and IWI’s usefulness as important components and conservation measures. Health stocks 
should therefore be regularly included as stock-based sustainability and IWI as an important 
tool for measuring progress towards sustainable development can be complementary to GDP. 
 The health stock Gini coefficient declined rapidly in a detailed regional analysis from 
1990 to 2015, particularly for LICs, and slowly declined in LMICs and UMICs. Based on our 
analysis, rapid population growth and higher proportion of youth in working-age population of 
LICs were most likely contributing factors to decrease in inequality. These growths indeed will 
build a virtuous circle of prosperity and opportunity if all parties work together to strengthen, 
develop and implement a policy that is compatible with sustainable development. For example, 
LICs should draw from the Asian Tigers on how the demographic dividend can be used to 
boost economic growth, social change and achieving SDGs. 
 Moreover, this study also looked at the impact of health stocks on firm-level net income. 
We found that firms that have already achieved sustainability are not affected by the country’s 
health stock but likely by other factors such as technologies, human resources (employees), 
organizational culture and strategy. Tenhaken (2008) proposed that there are three common 
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features that have helped long-lived firms in Japan and the United States of America to resolve 
environmental and economic challenges and to survive for long periods of time: (I) the 
corporate culture and values’ clarity and continuity, (ii) the learning systems that built on 
relationships, specifically its relationship with the customers and suppliers, and (iii) the 
harmonizing of tradition and innovation. Even though Napolitano, Marino, & Ojala (2015) 
argued that internal attributes, management practices and strategic decisions also contribute to 
the survival of firms. In addition, Japanese and Germany firms understand that organizational 
culture is one of the key factors in the survival of a firm (Park & Hong, 2019). It can therefore 
be concluded that the firm’s net income is not influenced by country’s health stock. 
 While our primary goal is to clarify the relationship between health stock inequality 
and national wealth, this study leaves two main limitations; a causality issue a data issue. First, 
the causal relationship between health stock and national wealth was not explicitly identified. 
When we consider the link between stock-based and flow-based indicators, such as GDP, the 
direction of causality is relatively clear, as flow outputs are produced from the amount of capital 
stock, based on the economic production framework (Arrow et al., 2012; UNU-IHDP and 
UNEP, 2012, 2014).  Nonetheless, when we concentrate on specifically defining the causal 
relationship between stock-based measures, we must carefully define the causality. Second, the 
health stock indicator we used in this study does not include healthy life effects of disease and 
injury, but only captures the longevity aspects of life. We could use the disease and injury 
quantitative database, such as GBD, to quantify the stock amount decreased by each disease, 
although more efforts are needed to estimate the shadow price (cost) of the disease. Although 
this study have the above two limitations, the expected modification are now beyond the scope 






 In this study, the researcher examined associations between health stock inequality and 
the different indices of national wealth. Although the researcher have used relatively simple 
statistical methods, however the results shown that health stocks are an important component 
of IWI to assess health sustainability. Measuring health stocks in relation to national wealth, 
as a policy implication, not only helps to achieve SDG 3 but also SDG 10, which calls for the 
reduction of inequalities in countries. Last but not least, this study concluded that IWI, which 
includes health stock values, is more comprehensive in the measurement of national wealth 






















CONCLUSION AND IMPLICATIONS 
 
5.1 Conclusion and Policy Implications 
 In the existing economic perspective, health is perceived as a category of capital stock 
that yields ‘healthy days’ in society. Nevertheless, the study in the area of health capital stock 
is still limited to certain contexts only. This study aims to measure as well as forecast the health 
stocks in 140 participating countries from the year 1990 to 2100. The health capital stock in 
every country from the year 1990 to 2015 was projected using a capital approach. The future 
health stocks in the year 2016 and 2100 were forecasted by using a time-series model. 
According to the health stocks from the year 1990 to 2015, LICs have larger and more rapid-
growing health stocks. Up to the year 2100, UMICs, especially countries in the MENA, show 
great growth that benefits from the peaks in their youth or working-age populations. Apart from 
that, immigration also affects the health stock growth, and other factors, such as the fertility 
rate, population ageing, and working-age and youth populations. Health stock is an important 
component of global sustainable development that should be considered as a stock-based 
sustainability index to evaluate other capital to measure national wealth and sustainability 
accurately.  
 The decline in global and between-country health inequality has been a major challenge 
to be overcome. However, limited studies have systematically investigated the relationship 
99 
 
between inequality of health stock and national wealth. From an economist perspective, health 
can be viewed as a durable capital stock that produces an output of a healthy time. Thus, in this 
study, the researcher also estimates global and compare countries inequalities in length of 
health stock for 140 countries from 1990 to 2015. This study investigates the relationship 
between countries’ inequalities of heath stock with national wealth. The national wealth in this 
study not only Gross Domestic Product (GDP) but also uses firm net income and the latest 
indicators to measure sustainability and well-being which is known as the IWI.   
 The health capital stock from 1990 to 2015 for 140 countries was estimated using a 
capital approach. Based on that health stock data, we then estimated and compared global and 
between-country inequalities in length of health stock using the Gini coefficient. Further, we 
use the country’s GDP, IWI and firms’ net income to examine the association between the 
health stock and national wealth. 
 Based on the results, the estimated Gini coefficient of global health stock shows that 
the health stock has experienced a global decline. The Gini coefficient for low-income 
countries (LICs) displayed the fastest decline in health stock, dropping from 0.69 to 0.66 in 25 
years. Based on the analysis, rapid population growth and the rise in the youth share of the 
working-age population in LICs were most likely the contributing factors to the decline in 
inequality. Most countries that experienced positive health stock growth also indicated a strong 
positive relationship with GDP and IWI. However, some countries still showed a negative 
relationship with natural capital, which is a part of IWI. 
 From this study, the negative relationship between health stock and natural capital is a 
sign of unstable development. This is because sustainable development involves not only 
maintaining GDP but also IWI, as it is a collective set of assets or wealth comprising human, 
produced and natural capital. Moreover, from our firm-level analysis, we also discuss that net 
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income at the firm-level is influenced by other factors, such as innovations, human resources, 
organization culture, and strategy. Then, the paper concludes that health stock is a vital 
component in measuring health inequality and health-related Sustainable Development Goals 
(SDGs). Other than GDP, IWI is more comprehensive in measuring national wealth and can 
be as complementary to GDP to measure progress toward sustainable development.  
 This study also clarified that the measurement of national health stock under the capital 
approach can reveal heterogeneous stock allocations in the world. The indicator also 
demonstrated that 121 in 140 countries are expected to be sustainable for human health since 
the increment of health capital stock is a positive signal for sustainability. These findings 
support the usage of the health stock indicator as a component of sustainability indexes.  
This study also presents several important findings for economic-policy evaluation and 
planning. For instance, as part of a country’s sustainable development, a country must target 
not only GDP growth as a primary objective, but also moves towards incorporating IW into the 
measurement of whether society or the country is on a sustainable development trajectory. For 
the country that is striving to improve the citizens’ “well-being”, this finding suggested that 
IW is useful in assessing sustainable development. As an alternative, the government can be 
utilized in IW as the measurement of sustainability. 
  
5.2 Direction for the Future Research 
 Although this study has constructed an extensive database and developed a new 
approach to measure IW and sustainability, there are some limitations in this research, and 
further investigations are suggested for future research. Rely on global and region scope 
analysis, another possibility for future studies would be an empirical study focusing on the 
specific countries. For example, using the same methodology studies on 14 states in Malaysia 
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can be implemented to determine sustainable development in terms of the national level. The 
future of the present study could include the benchmarking of a sustainable country that has a 
similar stage of economic performance. The primary focus on this benchmarking exercise 
would be to recognize the areas of the capital in which the specific country could be improved 
and determine the right policies that should be implemented to accomplish the sustainable 
development objective. The specific measurement and analysis of a country are also important 
for the country to develop their strategies and plans for implementing the SDGs within their 
own countries.  
In this study, the methodologies used for forecasting the health stock from the year 
2016 to 2100 involve time-series analyses which are known as the ARIMA model. Due to the 
health forecasting is a dynamic process and requires frequent updates, the less probabilistic 
forecasting models like Quantile Regression Models (QRMs) and Fractional Polynomial 
Models (FPMs), which offers a useful alternative for predicting and forecasting of a health 
situation that can be applied in the future.  
 For the measurement and analysis of health inequality, the panel data of health stock 
for 140 countries and the Gini coefficient may not be enough to show the clear patterns of the 
changes in health inequalities over 25 years from 1990 to 2015. For future research, the most 
up to date data, more countries, years, factors and another method to measure health 
inequalities require further evaluations and needs to be tested. For instance, other than Gini 
Index, Slope Inequality Index (SII) also can be applied to measure the health inequality of 
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